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PREFACE 
 

The Interagency Coordinating Committee on the Validation of Alternative Methods 
(ICCVAM) is charged by the ICCVAM Authorization Act of 20001 with evaluating the 
scientific validity of new, revised, and alternative toxicological test methods applicable to 
U.S. Federal agency safety testing requirements. ICCVAM is required to also provide 
recommendations to U.S. Federal agencies regarding the usefulness and limitations of test 
methods following their scientific evaluation. This report provides the ICCVAM’s 
recommendations for using two in vitro methods for estimating the acute oral toxicity 
potential of chemicals and other substances. These recommendations are based on a thorough 
ICCVAM evaluation of the scientific validation status of the test methods. 
 
ICCVAM initiated a review of the validation status of in vitro methods for estimating acute 
oral toxicity in 1999 in response to a request from the U.S. Environmental Protection Agency 
(EPA) Office of Pesticides, Prevention, and Toxic Substances. The request was based on 
recently published studies that showed a correlation between in vitro and in vivo acute 
toxicity. An International Workshop on In Vitro Methods for Assessing Acute Systemic 
Toxicity was subsequently convened by ICCVAM and the National Toxicology Program 
(NTP) Center for the Evaluation of Alternative Toxicological Methods (NICEATM) in 
October 2000. Workshop participants concluded that the proposed in vitro methods had not 
yet undergone adequate studies to determine if they could meet regulatory requirements for 
acute toxicity testing. However, an in vitro approach previously proposed by the German 
Centre for Documentation and Evaluation of Alternative Methods to Animal Experiments 
(ZEBET) was recommended by workshop participants as a high priority for further 
evaluation (ICCVAM 2001a). In vitro cytotoxicity data was proposed as an approach for 
estimating starting doses for in vivo acute toxicity studies based on a correlation between in 
vitro IC50 and in vivo LD50 values2. Such a strategy might reduce the number of animals 
required for an acute oral toxicity test by identifying a starting dose closer to the actual LD50. 
A Guidance Document on Using In Vitro Data to Estimate In Vivo Starting Doses for Acute 
Toxicity (ICCVAM 2001b) was subsequently prepared by some of the workshop participants 
with the assistance of ICCVAM and NICEATM to provide interim in vitro cytotoxicity 
protocols and instructions for implementing the approach.  
 
ICCVAM agreed with the workshop participants that in vitro basal cytotoxicity test methods 
should have a high priority for validation studies. NICEATM and the European Centre for 
the Validation of Alternative Methods (ECVAM) subsequently developed a collaboration 1) 
to further to characterize the usefulness and limitations of in vitro cytotoxicity assays as 
predictors of starting doses for rodent acute oral toxicity test methods, and 2) to develop a 
high quality database of in vitro cytotoxicity data that could be used to determine what other 
in vitro tests would be needed to accurately estimate acute toxicity hazard classification 
categories. NICEATM and ECVAM designed an international, multi-laboratory validation 
study to evaluate the performance of two standardized in vitro neutral red uptake (NRU) test 

                                                 
1 42 U.S.C. § 2851-2, 2851-5 (2000); available at http://iccvam.niehs.nih.gov/about/PL106545.pdf. 
2 The IC50 is the test substance concentration that produces 50% inhibition of the endpoint measured. The LD50 
is the dose that produces lethality in 50% of the test animals. 
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methods, using the ZEBET approach based on the Registry of Cytotoxicity (RC3) regression 
model. One test method used BALB/c 3T3 mouse fibroblasts (3T3) while the other used 
normal human epidermal keratinocytes (NHK).  
 
The validation study, which used 72 reference substances in a phased validation study 
design, was initiated in August 2002 and completed in January 2005. Upon completion, 
NICEATM, in coordination with the ICCVAM Acute Toxicity Working Group (ATWG) and 
ICCVAM, prepared a comprehensive draft background review document (BRD) containing 
the study results and analyses. ICCVAM subsequently convened an international 
independent Peer Review Panel (hereafter, Panel) meeting on May 23, 2006, to review the 
BRD, to evaluate the extent to which established validation and acceptance criteria had been 
addressed for the two methods, and to provide comments on draft ICCVAM 
recommendations on test method uses, future studies, draft test method protocols, and draft 
performance standards. The Panel meeting was open to the public and members of the public 
were provided an opportunity to submit written comments in advance of the meeting or 
verbally at the meeting. Public comments were also solicited on the Panel report via a 
Federal Register (FR) notice4 announcing the availability of the Panel report. The draft 
BRD, the Panel report, and all public comments were then made available to the Scientific 
Advisory Committee on Alternative Toxicological Methods (SACATM)5, for its 
consideration during a public teleconference meeting. The SACATM agreed with the 
consensus conclusions of the Panel6.  
 
ICCVAM and the ATWG considered the Panel report, public comments, and SACATM 
comments in preparing the final test method recommendations provided in this report. 
Briefly, ICCVAM recommends that, while the two standardized in vitro test methods (3T3 
and NHK NRU test methods) are not sufficiently accurate to predict acute oral toxicity for 
the purposes of hazard classification, they can be used in a weight-of-evidence7 approach to 
determine the starting dose for the current acute oral in vivo toxicity protocols. ICCVAM 
recommends that these test methods should be considered and used where determined 
appropriate before testing is conducted using animals. This approach should reduce the 
number of animals needed for acute oral toxicity testing studies, and for highly toxic 
substances, it should reduce the numbers of animals that die or need to be humanely killed.  
 
In accordance with the ICCVAM Authorization Act of 2000, this report will be made 
available to the public and provided to U.S. Federal agencies for consideration. Agencies 
                                                 
3 The RC is a database of acute oral LD50 values for rats and mice obtained from RTECS® and IC50 values from 
in vitro cytotoxicity assays using multiple cell lines and cytotoxicity endpoints for 347 chemicals with known 
molecular weights (Halle 1998, 2003). 
4 Vol. 71, No. 132, pp. 39122-39123. 
5 The SACATM advises the ICCVAM, NICEATM, and the Director of the NIEHS on priorities and activities 
related to the development, validation, scientific review, regulatory acceptance, implementation, and national 
and international harmonization of new, revised, and alternative toxicological test methods. 
6 SACATM (2006). 
7 A weight-of-evidence approach is the use of the strengths and weaknesses of a collection of information as the 
basis for a conclusion that may not be evident from the individual data. For estimating starting doses, in vitro 
data is considered, or “weighed” along with all other data and information (“evidence”), such as the LD50 of 
related substances, quantitative structure-activity relationship (QSAR) predictions, and other existing data, to 
estimate a dose that is likely to be close to the actual LD50 value. 
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with applicable testing regulations and/or guidelines are required by law to respond to 
ICCVAM within 180 days after receiving the recommendations. These responses will be 
made available to the public on the ICCVAM website (http://iccvam.niehs.nih.gov) in 
accordance with the ICCVAM Authorization Act requirements. 
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Chairman, ICCVAM 
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EXECUTIVE SUMMARY 
 

This Test Method Evaluation Report (TMER) describes an evaluation by the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) of the use of 
in vitro basal cytotoxicity test methods for estimating starting doses for acute oral toxicity 
tests. This evaluation provides validation information that should be helpful to various 
stakeholders (e.g., applicable U.S. Federal regulatory agencies, the international regulatory 
community, the pesticide and other commercial chemical industries) in determining when 
these test methods might be useful for specific testing situations. Appropriate use of these in 
vitro test methods is expected to further reduce and refine8 animal use for acute oral toxicity 
testing. 
 
An international, multi-laboratory validation study to evaluate the usefulness and limitations 
of two in vitro neutral red uptake (NRU) test methods was organized by the National 
Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative 
Toxicological Methods (NICEATM) and the European Centre for the Validation of 
Alternative Methods (ECVAM). In the validation study, three laboratories tested 72 
reference substances for cytotoxicity in BALB/c 3T3 mouse fibroblasts (3T3) and normal 
human epidermal keratinocytes (NHK). The resulting data were used to estimate starting 
doses for rodent acute oral toxicity testing, based on linear regressions developed from the 
Registry of Cytotoxicity (RC9) database. 
 
NICEATM, in coordination with the ICCVAM Acute Toxicity Working Group (ATWG) and 
ICCVAM, prepared a comprehensive draft background review document (BRD) to describe 
results and analyses generated from the study. On March 21, 2006, public availability of the 
draft BRD was announced in a Federal Register (FR) notice10. An international independent 
Peer Review Panel (hereafter, Panel) convened in a public session by ICCVAM on May 23, 
2006, reviewed the BRD, evaluated the extent that the BRD addressed established validation 
and acceptance criteria, and provided comment on the draft ICCVAM recommendations on 
the use of these test methods, future studies, draft test method protocols, and draft 
performance standards.  
 
On July 11, 2006, an FR notice11 announced the public availability of and requested public 
comments on the Peer Review Panel Report: The Use of In Vitro Basal Cytotoxicity Test 
Methods for Estimating Starting Doses for Acute Oral Systemic Toxicity Testing. The Panel 
Report indicated that the information presented in the draft BRD was generally sufficient for 
its purpose. The Panel concluded that the applicable validation criteria were adequately 

                                                 
8 A reduction alternative is a new or modified test method that reduces the number of animals required. A 
refinement alternative is a new or modified test method that refines procedures to lessen or eliminate pain or 
distress in animals or enhances animal well-being (ICCVAM 2003). 
9 The RC is a database of acute oral LD50 values for rats and mice obtained from RTECS® and IC50 values from 
in vitro cytotoxicity assays using multiple cell lines and cytotoxicity endpoints for 347 chemicals with known 
molecular weights (Halle 1998, 2003). 
10 Vol. 71, No. 54, pp. 14229-14231; available at http://iccvam.niehs.nih.gov/methods/invitro.htm. 
11 Vol. 71, No. 132, pp. 39122-39123; available at http://iccvam.niehs.nih.gov/methods/invitro.htm. 
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addressed for use of these in vitro test methods in a weight-of-evidence12 approach to 
determine starting doses for acute oral toxicity tests. 
 
The accomplishments of the validation study included standardization and optimization of 
the two NRU protocols that were evaluated and improvement of the LD50

13 database for the 
72 reference substances after review of the literature values. The IC50 results obtained using 
the protocols showed that the IC50 values in the RC could generally be reproduced with a 
single cell type and in vitro cytotoxicity endpoint14. Although the validation study improved 
the in vivo LD50 data for the reference chemicals by evaluating LD50 values from the 
scientific literature, IC50 - LD50 regressions calculated using the validation study data were 
not different from those calculated using RC data. The validation study also characterized the 
reproducibility of the NRU test methods and estimated the animal savings that would occur 
when they are used to determine starting doses for the Up-and-Down Procedure (UDP) 
(OECD 2001a; EPA 2002a) and the Acute Toxic Class (ATC) method (OECD 2001b). 
 
Accuracy and Reliability 
The NICEATM/ECVAM validation study standardized the 3T3 and NHK NRU test methods 
and improved the LD50 database for 72 substances. IC50 - LD50 regressions were performed 
for each in vitro NRU test method. The resulting IC50 - LD50 regressions are consistent with 
and support continued use of the RC database. The RC rat-only millimole regression, which 
is applicable to substances with known molecular weight, was based on 282 (of 347) RC 
substances with rat oral LD50 data. The RC rat-only data were converted to a weight basis 
(i.e., mg/kg) to develop the RC rat-only weight regression, which is applicable to mixtures or 
other substances without a known molecular weight. The accuracy of the in vitro NRU test 
methods when used with each of the regressions was characterized by determining the 
proportion of reference substances for which their Globally Harmonized System of 
Classification and Labelling of Chemicals (GHS; UN 2005) categories (based on rat acute 
oral LD50 data) were correctly predicted.  
 
Using the RC rat-only millimole regression, the 3T3 NRU test method correctly predicted the 
GHS hazard category of 31% (21/67) of the reference substances successfully tested, while 
the NHK NRU test method predicted correctly 29% (20/68 reference substances). The 
accuracy of the 3T3 NRU test method was 69% (46/67 reference substances) for correct 
category prediction ±1 category. The corresponding accuracy of the NHK NRU test method 
was 75% (51/68 reference substances) for correct category prediction ±1 category.  
 
Using the RC rat-only weight regression, both NRU test methods correctly predicted the 
GHS hazard category of 31% (21/67 - 3T3; 21/68 - NHK) of the reference substances 
successfully tested. The accuracy for the 3T3 NRU test method was 75% (50/67 reference 
substances) for correct category prediction ±1 category. The corresponding accuracy for the 
                                                 
12 A weight-of-evidence approach is the use of the strengths and weaknesses of a collection of information as 
the basis for a conclusion that may not be evident from the individual data. For estimating starting doses, in 
vitro data is considered, or “weighed” along with all other data and information (“evidence”), such as the LD50 
of related substances, quantitative structure-activity relationships (QSAR) predictions, and other existing data, 
to estimate a dose that is likely to be the closest to the actual LD50 value.  
13 The LD50 is the dose that produces lethality in 50% of the test animals. 
14 The IC50 is the test substance concentration that produces 50% inhibition of the endpoint measured. 
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NHK NRU test method was 75% (51/68 reference substances) for correct category prediction 
±1 category.  
 
Reproducibility was evaluated using the results from the 64 reference substances tested in 
3T3 cells and the 68 substances tested in NHK cells that yielded IC50 values in all three 
laboratories. Intra- and inter-laboratory reproducibility of the 3T3 and NHK NRU IC50 data 
were assessed using analysis of variance (ANOVA), coefficient of variation (CV) analysis, 
comparison of the laboratory-specific IC50 - LD50 regressions, and comparison of 
maximum:minimum mean laboratory IC50 values.  
 
Results for the positive control (sodium lauryl sulfate [SLS]) IC50 values from the 3T3 NRU 
test method indicated that there were significant differences among laboratories (p =0.006, 
ANOVA), but not between study phases within laboratories (p >0.01). In addition, 
interlaboratory CV values were relatively low (2 to 16%). Results for the SLS IC50 from the 
NHK NRU test method showed significant differences among laboratories (p <0.001) and 
among study phases within laboratories (p ≤0.001). The use of a different cell culture method 
at the Fund for the Replacement of Animals in Medical Experiments Alternatives Laboratory 
(FAL) was considered to be responsible for SLS IC50 differences among the laboratories in 
test Phases Ia and Ib. Interlaboratory CV values were 39% and 21%, respectively, for Phases 
Ia and Ib, and 31% and 8%, respectively, for Phases II and III. The linear regression analyses 
of the SLS IC50 over time (within each laboratory) for both test methods indicated that IC50 
values generated over the duration of the validation study were stable.  
 
ANOVA for the reference substances showed significant laboratory differences for 23 
substances with the 3T3 NRU test method, and six substances with the NHK NRU test 
method. Mean intralaboratory CV values were 26% for both test methods, but the NHK NRU 
test method had a lower mean interlaboratory CV (28% vs. 47%). The maximum:minimum 
mean laboratory IC50 ratios for the 3T3 NRU test method ranged from 1.1 to 21.6, with 58% 
(37/64) of the reference substances having ratios of less than 2.5. The maximum:minimum 
mean laboratory IC50 ratios for the NHK NRU test method ranged from 1.0 to 107.6, with 
85% (58/68) reference substances having ratios of less than 2.5. Thus, overall, reproducibility 
was generally better with the NHK NRU test method. 
 
Animal Reduction and Refinement 
The NICEATM/ECVAM validation study used computer models to simulate the in vivo 
testing of the reference substances in the UDP (OECD 2001a; EPA 2002a) and the ATC 
method (OECD 2001b), using either the default starting dose (175 mg/kg for the UDP, 300 
mg/kg for the ATC) or the starting dose determined using the 3T3 and NHK NRU test 
methods. The simulations were used to estimate, per substance, the number of animals that 
would be used and their associated survival rate. The modeling was performed using five 
different dose-mortality slopes15 (i.e., 8.3, 4.0, 2.0, 0.8, and 0.5) because slope information 
was not available for many of the reference substances. Both RC rat-only regressions were 
used to determine starting doses from IC50 data obtained using either the 3T3 or NHK NRU 
test methods. In principle, animal savings with the Fixed Dose Procedure (FDP; OECD 

                                                 
15 The dose-mortality slope is the slope of the dose-response curve for mortality. 
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2001c) could be estimated even though death is not the primary endpoint, but the validation 
study did not include this analysis.  
 
Computer simulation of the UDP testing showed that, for the substances with rat acute oral 
LD50 reference data tested in the validation study (67 substances for 3T3, 68 substances for 
NHK) an average of 0.49 animals (6.2%) to 0.66 animals (7.0%) would be saved. No animal 
savings were predicted for reference substances with 50 < LD50 ≤300 mg/kg, which is the 
range where the default starting dose of 175 mg/kg occurs. The highest animal savings were 
predicted for substances with 2000 < LD50 ≤5000 mg/kg and LD50 >5000 mg/kg for both 
NRU test methods (1.28 [11.9%] to 1.65 animals [16.7%] per test). The greatest animal 
savings were observed for substances in these categories because the limit test, which would 
be used for such substances, uses fewer animals than the main test. Although using the 3T3 
and NHK NRU IC50 values to estimate starting doses for the simulated UDP deceased the 
number of animals used, it did not change the number of animals that would be expected to 
be euthanized or die. 
 
Computer simulation of ATC method testing showed that, for the substances tested in the 
validation study, NRU test methods resulted in an average savings of 0.51 animals (4.8%) to 
1.09 animals (10.2%) per test. No animal savings were predicted for substances with 300 < 
LD50 ≤2000 mg/kg, which is where the default dose of 300 mg/kg would have been used. 
Mean animal savings for substances with 2000 < LD50 ≤5000 mg/kg ranged from -0.03 
animals (-0.03%) to 0.11 animals (0.9%) for the RC rat-only millimole regression and from 
0.53 animals (4.7%) to 2.43 animals (20.5%) for the RC rat-only weight regression. For both 
regressions evaluated, mean animal savings for substances with LD50 >5000 mg/kg ranged 
from 2.03 animals (17.1%) to 3.33 animals (27.7%). The greatest reduction in animal use 
occurs for substances in this category because the limit test uses fewer animals than the main 
test. 
 
The use of the IC50-based starting doses did not significantly alter the GHS category 
outcomes of the simulated UDP (based on LD50 outcome) or ATC when compared with the 
outcomes based on the default starting dose. The concordance for GHS acute oral toxicity 
category for the IC50-based starting dose with the default starting dose was 97 to 99% for 
both in vitro NRU methods and IC50-LD50 regressions evaluated. 
 
The magnitude of animal savings did not correlate with the accuracy of GHS categorization 
yielded by the NRU-predicted LD50 values (using the in vitro NRU IC50 values in the IC50-
LD50 regressions) or with the accuracy of simulated GHS category outcomes because the 
accuracy and animals savings analyses used different standards for comparison. 
 
ICCVAM Test Method Recommendations: Current Uses  
ICCVAM’s recommendations for use of the in vitro NRU test methods are as follows: 

1. The 3T3 and NHK NRU test methods are not sufficiently accurate to predict 
acute oral toxicity for the purpose of regulatory hazard classification. 

2. For the purposes of acute oral toxicity testing, the 3T3 and NHK NRU test 
methods may be used in a weight-of-evidence approach to determine the 
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starting dose for the current acute oral toxicity protocols (i.e., the UDP, the 
ATC method). 

3. Consistent with the U.S. Government Principles on the Use of Animals in 
Research, Testing, and Education16, and the U.S. Public Health Service Policy 
on Humane Care and Use of Laboratory Animals (PHS 2002), in vitro basal 
cytotoxicity test methods as part of a weight-of-evidence approach to estimate 
the starting dose for acute oral in vivo toxicity test methods should be 
considered and used where appropriate before testing is conducted using 
animals. For some types of substances, this approach will reduce the number 
of animals needed. In some testing situations, the approach may also reduce 
the numbers of animals that die or need to be humanely killed. 

4. The starting doses for substances with certain toxic mechanisms that are not 
expected to be active in 3T3 or NHK cells (e.g., those that are neurotoxic or 
cardiotoxic) will likely be underpredicted by these in vitro basal cytotoxicity 
test methods. Therefore, the results from basal cytotoxicity testing with such 
substances may not be appropriate for estimating starting doses. 

5. The regression formula used to determine starting doses for test substances 
with known molecular weights and high purity should be the revised RC 
millimole regression line, based on substances with rat LD50 data, with IC50 
values in mmol/L and LD50 values in mmol/kg. The regression formula used 
to determine starting doses for mixtures, test substances with low or unknown 
purity, or test substances with unknown molecular weights should be the 
revised RC regression line, based on substances with rat LD50 data, with IC50 
values in µg/mL and LD50 values in mg/kg. 

6. The performance of other in vitro basal cytotoxicity test methods that are 
based on similar scientific principles and that measure or predict the same 
biological response (i.e., basal cytotoxicity and the rat acute oral LD50 value, 
respectively) should be demonstrated to meet or exceed the accuracy and 
reliability of the 3T3 and NHK NRU test methods.  

7. Compared to the NHK NRU test method, the 3T3 NRU test method appears to 
be less labor intensive and less expensive to conduct; therefore, the 3T3 NRU 
test method is recommended for general use. Although the 3T3 NRU test 
method was less reproducible than the NHK NRU test method, it produced 
slightly higher animal savings and accuracy for prediction of GHS acute oral 
toxicity category using the IC50 and the revised RC regressions evaluated for 
the prediction of LD50. 

 
ICCVAM Recommended Test Method Protocols 
ICCVAM recommends the use of in vitro NRU protocols that are compliant with Good 
Laboratory Practice guidelines (OECD 1998; EPA 2003a, 2003b; FDA 2003). The 
recommended protocols, provided in Appendix C, use 3T3 or NHK cells with a 48-hour 
exposure duration for test substances. After test substance exposure, cells are incubated with 
neutral red (NR) dye. NRU is determined by the comparison with the optical density 
                                                 
16 IRAC (Interagency Research Animal Committee). 1985. U.S. Government Principles for Utilization and Care 
of Vertebrate Animals Used in Testing, Research, and Training. Federal Register, 1985, May 20, Vol. 50, No. 
97. 
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measurements of untreated vehicle controls. The IC50 is calculated by applying a Hill 
function to the concentration-response data. 
 
ICCVAM Recommendations: Performance Standards 
The purpose of performance standards is to communicate the basis by which adequately 
validated new proprietary (e.g., copyrighted, trademarked, registered) and nonproprietary test 
methods have been determined to have sufficient accuracy and reliability for specific testing 
purposes (see Section 3). The three elements of performance standards are: 

• Essential test method components (i.e., structural, functional, and procedural 
elements of a validated test method that a proposed, mechanistically and 
functionally similar test method should adhere to) 

• A minimum list of reference chemicals for assessing the accuracy and 
reliability of the proposed test method 

• The accuracy and reliability values that should be achieved by the proposed 
test method using the minimum list of reference chemicals.  

 
The test method performance standards provided in this report can be used to evaluate the 
acceptability of other in vitro basal cytotoxicity test methods that are based on similar 
scientific principles and that measure or predict the same biological response (i.e., basal 
cytotoxicity and the rat acute oral LD50, respectively). Such methods should adhere to the 
essential test method components recommended in this report (see Section 3.1). Similar test 
methods can be evaluated by testing 30 reference substances (see Table 3-1) that cover all 
six hazard classification categories (i.e., the entire range of acute oral toxicity). The 
performance of the test method should be comparable to or better than the accuracy and 
reliability of the 3T3 and NHK NRU test methods in order to be considered acceptable for 
determining starting doses for acute oral toxicity tests or for use in a battery of in vitro test 
methods for estimating acute oral toxicity (see Section 3.3).  
 
ICCVAM Recommendations: Future Studies  
ICCVAM recommends the following future studies in order to advance the use of in vitro 
methods for assessing acute oral toxicity for regulatory hazard classification purposes: 

1. Additional data should be collected using the 3T3 NRU basal cytotoxicity test 
method to evaluate its usefulness for predicting the rodent acute oral toxicity 
of chemical mixtures. 

2. To supplement the high quality validation database started by this study, 
additional high quality comparative in vitro basal cytotoxicity data should be 
collected when rat acute oral toxicity testing is conducted. However, in vivo 
testing should not be conducted solely to collect data to assess the usefulness 
of the NRU test method. Periodic evaluations of the expanded database should 
be conducted to further characterize the usefulness and limitations of using in 
vitro cytotoxicity data as part of a weight-of-evidence approach to estimate 
starting doses. 

3. Additional efforts should be conducted to identify in vitro tests and other 
methods necessary to achieve accurate acute oral hazard classification; studies 
should be conducted to investigate the potential use of in vitro cell-based test 
methods that incorporate mechanisms of action and evaluations of ADME 
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(absorption, distribution, metabolism, excretion) to provide improved 
estimates of acute toxicity hazard categories. Methods should be developed to 
extrapolate from in vitro toxic concentrations to equivalent doses in vivo. 

4. The in vivo database of reference substances used in this validation study 
should be used to evaluate the utility of other non-animal approaches to 
estimate starting doses for acute oral toxicity tests (e.g., widely available 
software that uses quantitative structure-activity relationships [QSAR]). 

5. Standardized procedures to collect in vivo measurements and observations 
pertinent to an understanding of the mechanisms of lethality should be 
included in future rat acute oral toxicity studies. Such information will likely 
be necessary to support the further development of predictive mechanism-
based in vitro methods. 

6. An expanded list of reference substances with rat acute oral LD50 values 
substantiated by high quality in vivo data (including data currently held by 
industry) should be developed for use in future in vitro test method 
development and validation studies.  
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1.0 INTRODUCTION 
The Interagency Coordinating Committee on the Validation of Alternative Methods 
(ICCVAM) is charged by the ICCVAM Authorization Act of 200017 with evaluating the 
scientific validity of new, revised, and alternative toxicological test methods applicable to 
U.S. Federal agency safety testing requirements. Following such evaluations, ICCVAM is 
required to provide recommendations to U.S. Federal agencies regarding the usefulness and 
limitations of such methods. 

1.1  Evaluation of the Use of In Vitro Cytotoxicity Test Methods to Estimate Acute 
Oral Toxicity 

ICCVAM initiated a review of the validation status of in vitro methods for estimating acute 
oral toxicity in 1999, in response to a request from the U.S. Environmental Protection 
Agency (EPA) Office of Pesticides, Prevention, and Toxic Substances. This request was 
based on recently published studies that showed a correlation between in vitro cytotoxicity 
and in vivo acute toxicity. In October of 2000, the National Toxicology Program (NTP), the 
National Institute of Environmental Health Sciences (NIEHS), and the EPA sponsored the 
International Workshop on In Vitro Methods for Assessing Acute Systemic Toxicity, which 
was announced in the Federal Register (FR) (Vol. 65, No. 184, pp. 57203-57205; available 
at http://iccvam.niehs.nih.gov/methods/invidocs/6557203.htm). Invited scientific experts and 
ICCVAM agency scientists were assigned to one of four Breakout Groups and prepared 
recommendations on the following:  

• In Vitro Screening Methods for Assessing Acute Toxicity 
• In Vitro Methods for Toxicokinetic Determinations  
• In Vitro Methods for Predicting Organ Specific Toxicity 
• Chemical Data Sets for Validation of In Vitro Acute Toxicity Test Methods 

 
Workshop participants concluded that none of the proposed in vitro methods reviewed had 
been formally evaluated for reliability and relevance, and that their usefulness and limitations 
for generating information to meet regulatory requirements for acute toxicity testing had not 
been adequately assessed. However, an in vitro approach previously proposed by ZEBET 
(the German Centre for Documentation and Evaluation of Alternative Methods to Animal 
Experiments) was recommended by workshop participants as a high priority for rapid 
adoption so that data could be generated to establish its usefulness with a large number of 
chemicals (ICCVAM 2001a). The proposal was to use in vitro cytotoxicity data to estimate 
starting doses for in vivo acute toxicity studies. Since a correlation between IC50

18
 and LD50

19 
values had been determined based on retrospective literature reviews, such a strategy might. 
reduce the use of animals for acute oral toxicity tests by identifying a starting dose closer to 
the LD50. To provide sample in vitro cytotoxicity protocols and instructions for using in vitro 
data to predict starting doses for acute rodent oral toxicity tests, the Guidance Document on 
Using In Vitro Data to Estimate In Vivo Starting Doses for Acute Toxicity (ICCVAM 2001b) 
was prepared by workshop participants with the assistance of ICCVAM and NICEATM. 

                                                 
17 42 U.S.C. § 2851-2, 2851-5 [2000]; available at http://iccvam.niehs.nih.gov/about/PL106545.pdf. 
18 The IC50 is the test substance concentration that produces 50% inhibition of the endpoint measured. 
19 The LD50 is the dose that produces lethality in 50% of the test animals. 
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1.2 Evaluation of the Use of In Vitro Cytotoxicity Test Methods to Estimate 
Starting Doses for Acute Oral Toxicity Tests 

ICCVAM agreed with workshop participants that in vitro basal cytotoxicity test methods 
should have a high priority for validation studies. Therefore, the NTP Interagency Center for 
the Evaluation of Alternative Toxicological Methods (NICEATM) collaborated with the 
European Centre for the Validation of Alternative Methods (ECVAM), a component of the 
European Commission’s Joint Research Centre, to further characterize the usefulness of in 
vitro cytotoxicity assays as predictors of starting doses for acute oral systemic toxicity 
assays. NICEATM and ECVAM designed a multi-laboratory validation study using 72 
reference substances to evaluate the performance of two standardized in vitro neutral red 
uptake (NRU) test methods, based on the ZEBET approach using the Registry of 
Cytotoxicity (RC)20 millimole regression model. The objectives for the validation study were 
to: 

• Further standardize and optimize the in vitro NRU cytotoxicity protocols 
using BALB/c 3T3 mouse fibroblasts (3T3) and normal human epidermal 
keratinocytes (NHK) to maximize test method reliability (intralaboratory 
repeatability, intra- and inter-laboratory reproducibility) 

• Assess the accuracy of the two standardized in vitro 3T3 and NHK NRU basal 
cytotoxicity test methods for estimating rodent oral LD50 values across the 
five United Nations (UN) Globally Harmonized System of Classification and 
Labelling of Chemicals (GHS; UN 2005) categories of acute oral toxicity, as 
well as unclassified toxicities 

• Estimate the reduction and refinement in animal use achievable from using the 
in vitro 3T3 and NHK NRU test methods to identify starting doses for in vivo 
acute oral toxicity tests, assuming that no other information were available  

• Develop high quality in vivo acute oral lethality and in vitro NRU cytotoxicity 
databases that can be used to support the investigation of other in vitro test 
methods necessary to improve the prediction of in vivo acute oral lethality 

 
The validation study proceeded in four phases so that the Study Management Team (SMT) 
could evaluate the reproducibility of results after each phase and refine the protocols, if 
necessary, before proceeding to the next phase. Three laboratories participated in testing the 
72 reference substances using the 3T3 and NHK NRU test methods, beginning in August 
2002 and ending in January 2005: 

• The U.S. Army Edgewood Chemical Biological Center, Edgewood, MD 
(ECBC)  

• Fund for the Replacement of Animals in Medical Experiments Alternatives 
Laboratory, Nottingham, UK (FAL)  

• The Institute for In Vitro Sciences, Gaithersburg, MD (IIVS) 
 

                                                 
20 The RC is a database of acute oral LD50 values for rats and mice obtained from RTECS® and IC50 values from 
in vitro cytotoxicity assays using multiple cell lines and cytotoxicity endpoints for 347 chemicals with known 
molecular weights (Halle 1998, 2003). 
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BioReliance Corporation (Rockville, MD) procured and distributed the coded reference 
substances and performed solubility tests prior to their distribution to the testing laboratories, 
but did not perform any of the in vitro tests. 
 
NICEATM, in coordination with the ICCVAM Acute Toxicity Working Group (ATWG) and 
ICCVAM, prepared a comprehensive draft background review document (BRD) to 
summarize the procedures and results generated from the validation study. On March 21, 
2006, the availability of the draft BRD was announced in an FR notice21. The BRD was 
made available to the public in electronic format on the ICCVAM/NICEATM website 
(available at http://iccvam.niehs.gov) and in print upon request to NICEATM.  

1.3 Peer Review of the NICEATM/ECVAM Validation Study 
An international independent Peer Review Panel (hereafter, Panel) convened by ICCVAM on 
May 23, 2006, reviewed the BRD, evaluated the extent that the BRD addressed established 
validation and acceptance criteria, and provided comment on the draft ICCVAM 
recommendations on the use of these test methods, future studies, draft test method protocols, 
and draft performance standards. Comments from the public and scientific community were 
provided to the Panel and made available on the ICCVAM/NICEATM website 
(http://iccvam.niehs.nih.gov/methods/invidocs/brdcomm.htm). On July 11, 2006, an FR 
notice22 announced the availability of the Peer Review Panel Report: The Use of In Vitro 
Basal Cytotoxicity Test Methods for Estimating Starting Doses for Acute Oral Systemic 
Toxicity Testing. The Panel report (see Appendix A) indicated that the information presented 
in the draft BRD was generally sufficient for its purpose. The Panel concluded that the 
objectives of the validation study were appropriate, and agreed that the applicable validation 
criteria were adequately addressed for use of these in vitro test methods in a weight-of-
evidence23 approach to determine starting doses for acute oral toxicity tests.  
 
Regarding the draft ICCVAM recommendations for test method uses, the Panel agreed that: 

• Neither of the NRU test methods can be used as alternatives for the in vivo 
acute oral toxicity test for the purposes of hazard classification.  

• The in vitro NRU test methods may be useful in a weight-of-evidence 
approach to determine the starting dose for acute oral in vivo toxicity 
protocols. 

• The NRU test methods should be considered before animals are used. 
• The RC rat-only regression should be used to estimate the LD50 from IC50 

data. When the molecular weight of a test substance is known, the molar 
regression should be used; however, a regression based on weight rather than 
molar units should be used when the molecular weight of the test substance is 
unknown.  

                                                 
21 Vol. 71, No. 54, pp. 14229-14231; available at http://iccvam.niehs.nih.gov/methods/invitro.htm. 
22 Vol. 71, No. 132, pp. 39122-39123; available at http://iccvam.niehs.nih.gov/methods/invitro.htm. 
23 A weight-of-evidence approach is the use of the strengths and weaknesses of a collection of information as 
the basis for a conclusion that may not be evident from the individual data. For estimating starting doses, in 
vitro data is considered, or “weighed” along with all other data and information (“evidence”), such as the LD50 
of related substances, quantitative structure-activity relationships (QSAR) predictions, and other existing data, 
to estimate a dose that is likely to be the closest to the actual LD50 value. 
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• Other in vitro basal cytotoxicity test methods that are based on similar 
scientific principles and that measure or predict the same biological response 
(i.e., basal cytotoxicity and the rat acute oral LD50 value, respectively) should 
meet or exceed the accuracy and reliability of the 3T3 and NHK NRU test 
methods. 

• The 3T3 NRU test method, based on relative ease of performance and cost, 
should be recommended for general use, but cautioned that one test method 
should not be preferred over the other. 

• The NRU test methods are appropriate for substances that interfere with 
energy utilization or alkylation of proteins and other macromolecules.  

 
Regarding the draft ICCVAM recommendations for future studies, the Panel agreed that: 

• Additional data for the 3T3 NRU test method should be collected to evaluate 
its usefulness for predicting starting doses with chemical mixtures.  

• High quality comparative in vitro basal cytotoxicity data should be collected 
in tandem with in vivo rat acute oral toxicity test results to further evaluate the 
use of these test methods for predicting the starting doses for acute oral 
toxicity tests.  

• Additional in vitro tests and other methods necessary to achieve accurate 
acute oral hazard classification should be investigated. 

• The in vivo database of reference substances used in the validation study 
should be used to evaluate the utility of other non-animal approaches to 
estimate starting doses for rat acute oral toxicity tests. 

• Standardized procedures to collect information pertinent to an understanding 
of the mechanisms of lethality should be included, to the extent possible, in 
future rat acute oral toxicity studies. 

• An expanded list of reference substances with estimated rat LD50 values 
substantiated by high quality in vivo data should be developed for use in 
future in vitro test development and validation. 

 
The draft BRD, the Panel report, and all associated public comments were made available to 
the Scientific Advisory Committee on Alternative Toxicological Methods (SACATM24) for 
their consideration. The SACATM endorsed the Panel Report. ICCVAM and the ATWG 
then considered the Panel Report, all public comments, and the comments of SACATM in 
preparing the final test method recommendations that are provided in this report. This report 
will be made available to the public and provided to U.S. Federal agencies for consideration, 
in accordance with the ICCVAM Authorization Act of 2000. The final BRD, In Vitro 
Cytotoxicity Test Methods for Estimating Acute Oral Systemic Toxicity (ICCVAM 2006), 
revised in response to the Panel and ATWG comments, will also be provided as background 
information and technical support for this report. Agencies with applicable testing regulations 
and guidelines (Appendix B) are required by law to respond to ICCVAM within 180 days of 

                                                 
24 The SACATM advises the ICCVAM, NICEATM, and the Director of the NIEHS on priorities and activities 
related to the development, validation, scientific review, regulatory acceptance, implementation, and national 
and international harmonization of new, revised, and alternative toxicological test methods. 
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receiving the ICCVAM recommendations. These responses will be made available to the 
public on the ICCVAM website (http://iccvam.niehs.nih.gov) as they are received. 

1.4 Report Organization 
Section 1.0 of this report provides the background of the NICEATM/ECVAM validation 
study for the use of in vitro cytotoxicity test methods to predict starting doses for acute oral 
toxicity test methods and this resulting ICCVAM test method evaluation report.  
 
Section 2.0 describes the NRU protocols evaluated in the validation study, the reference 
substances tested, and the accuracy and reliability results from the validation study. Also 
included are ICCVAM’s recommendations for test method uses and future studies, which 
were finalized after consideration of the Panel Report, public comments, and the comments 
of SACATM, and were based on the results of the validation study. The recommendations 
for future studies are intended to advance the use of alternative methods for the prediction of 
acute toxicity.  
 
Section 3.0 provides recommended performance standards for application to future test 
methods that are based on similar scientific principles and that measure or predict the same 
biological or toxic effect. The three elements of performance standards are essential test 
method components (i.e., structural, functional, and procedural elements of a validated test 
method that a proposed, mechanistically and functionally similar test method should adhere 
to), a minimum list of reference substances for assessing the accuracy and reliability of the 
proposed test method, and the accuracy and reliability values that should be achieved by the 
proposed test method using the minimum list of reference substances. 
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2.0 ICCVAM RECOMMENDATIONS FOR IN VITRO NEUTRAL RED 
UPTAKE (NRU) BASAL CYTOTOXICITY TEST METHODS  

The following technical summary provides a synopsis of the performance analysis described 
in the BRD (ICCVAM 2006) which indicates the current validation status of the in vitro 3T3 
and NHK NRU basal cytotoxicity test methods, including what is known about their 
reliability and accuracy, the scope of the substances tested, and standardized protocols. These 
results form the basis for the ICCVAM Recommendations for test method uses and future 
studies that are presented at the end of this section. 

2.1 Test Method Description 
The NRU cytotoxicity assay procedure is based on the ability of viable cells to incorporate 
and bind neutral red (NR), a supravital dye. NR is a weakly cationic dye that readily diffuses 
through the plasma membrane and concentrates in lysosomes where it electrostatically binds 
to the anionic lysosomal matrix. Toxicants can alter the cell surface or the lysosomal 
membrane to cause lysosomal fragility and other adverse changes that gradually become 
irreversible. Thus, cell death and/or inhibition of cell growth decreases the amount of NR 
retained by the culture. Healthy proliferating mammalian cells, when properly maintained in 
culture, continuously divide and multiply over time. A toxic substance, regardless of site or 
mechanism of action, will interfere with this process and result in a reduction of the growth 
rate as reflected by cell number. Cytotoxicity is expressed as a concentration dependent 
reduction of the uptake of NR after substance exposure to the cells, thus providing a 
sensitive, integrated signal of both cell integrity and growth inhibition. 

2.1.1 General Test Method Procedures 
3T3 and NHK cell cultures are grown in 96-well microtiter plates and exposed to a reference 
substance and/or positive control (PC). After the predetermined incubation time, the 
reference substance and PC are removed and NR solution is applied to the cells. The cells are 
incubated again, the excess NR solution is removed, and NR is eluted from the cells. The 
NRU is determined by using a microtiter plate reader/spectrophotometer to measure the 
optical density (OD; at a wavelength of 540 ±10 nm) of the eluted NR dye in the 96-well 
plate. A calculation of cell viability expressed as NRU is made for each concentration of a 
reference substance and PC by using the mean NRU OD of six replicate values (minimum of 
four acceptable replicate wells) per test concentration. The cell viability OD value is 
compared with the mean NRU OD of all vehicle control (VC) values (provided VC values 
have met the VC acceptance criteria). Relative cell viability is then expressed as percentage 
of untreated VC. 

2.1.2 Protocol Similarities and Differences for the 3T3 and NHK NRU Test Methods 
A number of protocol procedures and conditions are common to both the 3T3 and NHK 
NRU test methods (see Appendices C1 and C2 for specific protocols for the test methods). 
Both NRU test methods use the same solvents to dissolve reference substances and the PC, 
the same culture conditions, the same 96-well plate format, and the same duration of 
exposure, and both employ the use of a range finder test before performing the definitive 
(main) test. In addition, both NRU test methods follow identical NRU procedures and 
calculate cell viability and the IC50 using the same procedures. 
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There are three differences between the protocols for the 3T3 and NHK NRU test methods. 
The first is the use of newborn calf serum (NCS) in the 3T3 cell culture medium. The NHK 
cells require a keratinocyte-specific serum-free medium. The second is that the 3T3 cells 
require less time (approximately 24 hours) to reach appropriate the confluence for testing 
than the NHK cells (approximately 24 to 72 hours). The third difference is the application 
and volume of test substance. For the 3T3 NRU test method, all culture medium is removed 
from the 3T3 cells and 50 µL/well of medium with substance is added immediately. For the 
NHK cells, 125 µL/well of medium with test substance is added to the 125 µL/well of 
medium already on the cells. 

2.2 Reference Substances 
Seventy-two reference substances were selected for testing in the NICEATM/ECVAM 
validation study. These substances were selected to represent: (1) the complete range of in 
vivo acute oral LD50 values; (2) the types of substances regulated by the various regulatory 
authorities; and (3) those with human toxicity data and/or human exposure potential. To 
insure that the complete range of toxicity was covered, the GHS (UN 2005) was used to 
select 12 substances for each of five acute oral toxicity categories and 12 unclassified 
substances. The set of selected reference substances had the following characteristics: 

• Thirty-five percent (27/77) were pharmaceuticals, 22% (17/77) were 
pesticides, 10% (8/77) were solvents, and 6% (5/77) were food additives. The 
remaining substances were used for a variety of manufacturing and consumer 
products. The number of assigned uses (77) is greater than the number of 
selected substances because some of the substances have more than one use.  

• Relevance of the substances to human exposure is indicated by the fact that 
58% (42/72) were included in the Multicentre Evaluation of In Vitro 
Cytotoxicity (MEIC) study, 24% (17/72) of which were included also in the 
Evaluation-guided Development of New In Vitro Tests (EDIT) program; 64% 
(46/72) had human exposures reported by the Toxic Exposure Surveillance 
System (TESS); 71% (51/72) had been evaluated by NTP; and 25% (18/72) 
were on the EPA High Production Volume (HPV) list.  

• Eighty-one percent (58/72) of the substances were in the RC database; 38% 
(22/58) of which were outliers with respect to the RC millimole regression 
(log LD50 [mmol/kg] = 0.435 x log IC50 [mM] + 0.625). The RC millimole 
regression underpredicted the toxicity of 77% (17/22) of the outliers and 
overpredicted the toxicity of 23% (5/22). 

• Seventy-nine percent (57/72) were organic compounds and 21% (15/72) were 
inorganic. The most commonly represented classes of organic compounds 
were heterocyclics (25%, 14/57), carboxylic acids (25%, 14/57), and alcohols 
(18%, 10/57).   

• Twenty-six percent (19/72) were known to have active metabolites and three 
others were expected to have active metabolites based on their chemical 
structures.  

• Many of the substances produced toxicity in more than one organ system. The 
most common target organs were liver (17 substances) and kidney (15 
substances). Other target organs included the nervous system (40 substances) 
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and cardiovascular system (10 substances). No target organ information was 
available for one substance (gibberellic acid).  

2.3 Test Method Accuracy 
The ability of the 3T3 and NHK NRU test methods to correctly predict rodent acute oral 
systemic toxicity is based on the validity of the in vivo – in vitro (i.e., IC50 - LD50) regression 
model. It is the IC50 - LD50 regression that establishes the relationship between the 3T3 and 
NHK NRU IC50 values and the predicted LD50 values that were used to set the starting doses 
for the computer simulated acute oral toxicity assays performed for the NICEATM/ECVAM 
validation study.  
 
The validation study tested two regressions for their use with the NRU IC50 values to predict 
LD50 values. The first regression – the RC rat-only millimole regression – was calculated 
using the 282 substances in the RC dataset of 347 substances that had a reported rat oral LD50 
value (65 substances had mouse-only LD50 values). The LD50 data for the regression were 
limited to one species to decrease the variability in LD50 values produced by combining the 
data of two species. Rats were selected because they are the preferred species for most acute 
oral toxicity testing (i.e., the Up-and-Down Procedure [UDP; EPA 2002b; OECD 2001a], the 
Acute Toxic Class method [ATC; OECD 2001b], and the Fixed Dose Procedure [FDP; 
OECD 2001d]). The second regression – the RC rat-only weight regression – was a 
transformation of the RC rat-only millimole regression to weight units (mg/kg for LD50 and 
µg/mL for IC50) in order to make the regression applicable to the testing of mixtures and 
substances without a known molecular weight. 
 
The ability of the 3T3 and NHK NRU IC50 data to correctly predict rat acute oral LD50 
values, based on using the RC rat-only millimole regression and the RC rat-only weight 
regression, was evaluated by determining the extent to which the appropriate GHS acute oral 
toxicity category was identified for each reference substance. This approach permits an 
assessment of accuracy specific to each GHS hazard classification category. 
 
Tables 2-1 and 2-2, which are divided into upper and lower sub-tables, provide accuracy data 
for the 3T3 and NHK NRU test methods, respectively. For each part, the toxicity categories 
corresponding to the reference rat acute oral LD50 data are provided in rows that are labeled 
on the far left side of the table. The toxicity categories predicted by the in vitro NRU assays 
and the associated regressions are provided in columns that are labeled across the top of each 
part (i.e., 3T3 or NHK NRU-predicted toxicity category) of the table. The numbers at the 
intersections of the reference rat oral LD50 rows and 3T3 or NHK NRU-predicted toxicity 
category columns are the numbers of substances with in vitro category predictions that 
correspond to the various in vivo categories. The right sides of the tables also provide 
summaries containing, for each rat acute oral toxicity category and for the total number of 
substances evaluated:  

• The number of substances  
• The accuracy of the 3T3 or NHK NRU prediction 
• The percentage of substances for which toxicity has been overpredicted and 

underpredicted by the in vitro NRU test methods  
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In each of the 3T3 and NHK sections of the table, a summary of predictivity is also provided 
for each predicted toxicity category along with the percentage of substances with category 
(i.e., toxicity) underpredicted and overpredicted. 
 
Table 2-1 shows the concordance of the observed (i.e., the rat acute oral LD50) and predicted 
GHS acute oral toxicity categories (UN 2005) for each in vitro NRU cytotoxicity test method 
using the geometric mean IC50 values (of the three validation study laboratories) in the RC 
rat-only millimole regression, log LD50 (mmol/kg) = 0.439 log IC50 (mM) + 0.621. Accuracy 
is the agreement of the in vitro NRU category predictions with those based on the rat acute 
oral LD50 reference values. 
 
The overall accuracy of the 3T3 NRU test method for correctly predicting GHS acute oral 
toxicity classification category using the RC rat-only millimole regression was 31% (21/67 
substances). Rat acute oral toxicity was overpredicted for 34% (23) and underpredicted for 
34% (23) of the 67 substances. For this analysis, in terms of each GHS acute oral toxicity 
classification category:  

• Zero (0%) of six substances with LD50 <5 mg/kg was correctly predicted 
• One (9%) of 11 substances in the 5 < LD50 ≤50 mg/kg category was correctly 

predicted 
• Five (42%) of 12 substances in the 50 < LD50 ≤300 mg/kg category were 

correctly predicted 
• Thirteen (81%) of 16 substances in the 300 < LD50 ≤2000 mg/kg category 

were correctly predicted; however, this toxicity category was also predicted 
for 32 other substances (71%; 32/45) that did not match this category in vivo. 
Thus, the predictivity for this category was 29% (13/45 substances predicted 
for this category matched the in vivo category).  

• None (0%) of the 10 substances in the 2000 < LD50 ≤5000 mg/kg category 
were correctly predicted  

• Two (17%) of the 12 substances with LD50 >5000 mg/kg were correctly 
predicted 
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Table 2-1 Prediction of GHS Acute Oral Toxicity Category by the 3T3 and NHK NRU Test Methods and the RC  
Rat-Only Millimole Regression1 

 

Reference Rat Oral 
LD50

2 (mg/kg) 
3T3 NRU-Predicted GHS Category (mg/kg) 

Total Accuracy 
Toxicity 

Over- 
predicted 

Toxicity 
Under- 

predicted LD50 <5 5 < LD50 ≤50 50 < LD50 ≤300 300 < LD50 ≤2000 2000 < LD50 ≤5000 LD50 >5000 

LD50 <5 0 2 0 4 0 0 63 0% 0% 100% 
5 < LD50 ≤50 0 1 6 3 1 0 114 9% 0% 91% 

50 < LD50 ≤300 0 0 5 7 0 0 12 42% 0% 58% 
300 < LD50 ≤2000 0 1 2 13 0 0 16 81% 19% 0% 
2000 < LD50 ≤5000 0 0 0 10 0 0 105 0% 100% 0% 

LD50 >5000 0 0 0 8 2 2 126,7 17% 83% 0% 
Total 0 4 13 45 3 2 67 31% 34% 34% 

Predictivity 0% 25% 38% 29% 0% 100%     
Category  

Overpredicted 0% 25% 15% 40% 67% 0%     

Category 
Underpredicted 0% 50% 46% 31% 33% 0%     

Reference Rat Oral 
LD50

2 
NHK NRU-Predicted Toxicity Category (mg/kg) 

Total Accuracy 
Toxicity 

Over-
predicted 

Toxicity 
Under-

predicted LD50 <5 5 < LD50 ≤50 50 < LD50 ≤300 300 < LD50 ≤2000 2000 < LD50 ≤5000 LD50 >5000 

LD50 <5 0 1 2 3 0 0 63 0% 0% 100% 
5 < LD50 ≤50 0 2 5 3 1 0 114 18% 0% 82% 

50 < LD50 ≤300 0 1 6 5 0 0 12 50% 8% 42% 
300 < LD50 ≤2000 0 1 2 12 1 0 16 75% 19% 6% 
2000 < LD50 ≤5000 0 0 0 10 0 0 105 0% 100% 0% 

LD50 >5000 0 0 0 7 6 0 137 0% 100% 0% 
Total 0 5 15 40 8 0 68 29% 40% 31% 

Predictivity 0% 40% 40% 30% 0% 0%     
Category  

Overpredicted 0% 40% 13% 43% 75% 0%     

Category 
Underpredicted 0% 20% 47% 28% 25% 0%     

Abbreviations: GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3 fibroblasts; NHK=Normal human epidermal keratinocytes;  
NRU=Neutral red uptake; RC=Registry of Cytotoxicity. 
1The RC rat-only millimole regression is log LD50 (mmol/kg) = log IC50 (mM) x 0.439 + 0.621. Numbers in table represent numbers of substances. 
2Reference rat oral LD50 values in mg/kg (see BRD Table 4-2) (ICCVAM 2006) 
3Epinephrine bitartrate excluded because no rat reference oral LD50 was identified (BRD Table 4-2) (ICCVAM 2006) 
4Colchine excluded because no rat LD50 was identified (BRD Table 4-2) (ICCVAM 2006) 
5Carbon tetrachloride excluded because no laboratory attained sufficient toxicity for the calculation of an IC50.  
6Methanol excluded because no laboratory attained sufficient toxicity for the calculation of an IC50.  
7Propylparaben excluded because no rat LD50 was identified (see BRD Table 4-2) (ICCVAM 2006). 
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The overall accuracy of the NHK NRU test method for correctly predicting the GHS acute 
oral toxicity classification, when the prediction was based on the RC rat-only millimole 
regression, was 29% (20/68 substances). Toxicity was overpredicted for 40% (27) and 
underpredicted for 31% (21) of the 68 substances. The pattern of concordance between in 
vitro and in vivo results for the NHK NRU test method with the RC rat-only millimole 
regression was similar to that for the 3T3 NRU test method with the exception that the 
toxicity of all substances with LD50 >50000 mg/kg were not correctly predicted. For this 
analysis, in terms of each GHS acute oral toxicity classification category: 

• Zero (0%) of six substances with LD50 <5 mg/kg were correctly predicted 
• Two (18%) of 11 substances in the 5 < LD50 ≤50 mg/kg category were 

correctly predicted 
• Six (50%) of 12 substances in the 50 < LD50 ≤300 mg/kg categories were 

correctly predicted 
• 12 (75%) of 16 substances in the 300 < LD50 ≤2000 mg/kg category were 

correctly predicted; however, this toxicity category was also predicted for 28 
(70%; 28/40) other substances with in vivo data that did not match the 
category. Thus, the predictivity for this category was 30% (12/40).  

• Zero (0%) of 10 substances in the 2000 < LD50 ≤5000 mg/kg category were 
correctly predicted  

• None (0%) of 13 substances with LD50 >5000 mg/kg were correctly predicted 
 
Table 2-2 shows the concordance of the observed and predicted GHS acute oral toxicity 
categories for each in vitro NRU test method using the geometric mean IC50 values (of the 
three validation study laboratories) and the RC rat-only weight regression. The regression 
formula for the RC rat-only weight regression is log LD50 (mg/kg) = 0.372 log IC50 (µg/mL) 
+ 2.024.  
 
The overall accuracy of the 3T3 NRU test method with the RC rat-only weight regression 
was 31% (21) for the results from 67 substances. The toxicity was overpredicted for 33% 
(24) and underpredicted for 36% (22) of the 67 substances. For this analysis, in terms of each 
GHS acute oral toxicity classification category: 

• Zero (0%) of six substances with LD50 <5 mg/kg were correctly predicted  
• One (9%) of 11 substances in the 5 < LD50 ≤50 mg/kg GHS acute oral toxicity 

category was correctly predicted  
• Four (33%) of 12 substances in the 50 < LD50 ≤300 mg/kg GHS acute oral 

toxicity category were correctly predicted; however, since 10 other substances 
were also predicted for this category, the predictivity was 29% (4/14)   

• Twelve (75%) of 16 substances in the 300 < LD50 ≤2000 mg/kg GHS acute 
oral toxicity category were predicted correctly. Since a total of 40 substances 
were predicted for this category, the predictivity was 30% (12/40) 

• Four (40%) of 10 substances in the 2000 < LD50 ≤5000 mg/kg GHS acute oral 
toxicity category were correctly predicted; however, since a total of 11 
substances were predicted for this category, the predictivity was 36% (4/11). 

• Zero (0%) of 12 substances with LD50 >5000 mg/kg were correctly predicted 
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Table 2-2 Prediction of GHS Acute Oral Toxicity Category by the 3T3 and NHK NRU Test Methods and the RC  
Rat-Only Weight Regression1 

 

Reference Rat Oral 
LD50

2 (mg/kg) 
3T3 NRU-Predicted Toxicity Category (mg/kg) 

Total Accuracy 
Toxicity 

 Over-
predicted 

Toxicity 
Under-

predicted LD50 <5 5 < LD50 ≤50 50 < LD50 ≤300 300 < LD50 ≤2000 2000 < LD50 ≤5000 LD50 >5000 
LD50 <5 0 0 2 4 0 0 63 0% 0% 100% 

5 < LD50 ≤50 0 1 5 5 0 0 114 9% 0% 91% 
50 < LD50 ≤300 0 0 4 8 0 0 12 33% 0% 67% 

300 < LD50 ≤2000 0 1 3 12 0 0 16 75% 25% 0% 
2000 < LD50 ≤5000 0 0 0 6 4 0 105 40% 60% 0% 

LD50 >5000 0 0 0 5 7 0 126,7 0% 100% 0% 
Total 0 2 14 40 11 0 67 31% 33% 36% 

Predictivity 0% 50% 29% 30% 36% 0%      
Category  

Overpredicted 0% 50% 21% 28% 64% 0%      

Category 
Underpredicted 0% 0% 50% 43% 0% 0%      

Reference Rat Oral 
LD50

2 (mg/kg) 
NHK NRU-Predicted Toxicity Category (mg/kg) 

Total Accuracy 
Toxicity 

 Over-
predicted 

Toxicity 
Under-

predicted LD50 <5 5 < LD50 ≤50 50 < LD50 ≤300 300 < LD50 ≤2000 2000 < LD50 ≤5000 LD50 >5000 
LD50 <5 0 1 2 3 0 0 63 0% 0% 100% 

5 < LD50 ≤50 0 1 5 5 0 0 114 9% 0% 91% 
50 < LD50 ≤300 0 1 5 6 0 0 12 42% 8% 50% 

300 < LD50 ≤2000 0 1 2 13 0 0 16 81% 19% 0% 
2000 < LD50 ≤5000 0 0 0 9 1 0 105 10% 90% 0% 

LD50 >5000 0 0 0 6 6 1 137 8% 92% 0% 
Total 0 4 14 42 7 1 68 31% 37% 32% 

Predictivity 0% 25% 36% 31% 14% 100%      
Category  

Overpredicted 0% 50% 14% 36% 86% 0%      

Category 
Underpredicted 0% 25% 50% 33% 0% 0%      

Abbreviations: GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3 fibroblasts; NHK=Normal human epidermal keratinocytes;  
NRU=Neutral red uptake; RC=Registry of Cytotoxicity. 
1The RC rat-only weight regression is log LD50 (mg/kg) = log IC50 (µg/mL) x 0.372 + 2.024. 
2Reference rat oral LD50 values in mg/kg (BRD Table 4-2) (ICCVAM 2006).  
3Epinephrine bitartrate excluded because no rat LD50 was identified (see BRD Table 4-2) (ICCVAM 2006).  
4Colchine excluded because no rat LD50 was identified (see BRD Table 4-2) (ICCVAM 2006). 
5Carbon tetrachloride excluded because no laboratory attained sufficient toxicity for the calculation of an IC50.  
6Methanol excluded because no laboratory attained sufficient toxicity for the calculation of an IC50.  
7Propylparaben excluded because no rat LD50 was identified (see BRD Table 4-2) (ICCVAM 2006). 
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The overall accuracy of the NHK NRU test method with the RC rat-only weight regression 
was 31% (21/68). Toxicity was overpredicted for 37% (22) and underpredicted for 32% (25) 
of the 68 substances. For this analysis, in terms of each GHS acute oral toxicity classification 
category:  

• Zero (0%) of six substances with LD50 <5 mg/kg were correctly predicted  
• One (9%) of 11 substances in the 5 < LD50 ≤ 50 mg/kg GHS acute oral 

toxicity category was correctly predicted  
• Five (42%) of 12 substances in the 50 < LD50 ≤300 mg/kg GHS acute oral 

toxicity category were correctly predicted; however, since six other substances 
were also predicted for this category, the predictivity was 33% (3/9)   

• Thirteen (81%) of 16 substances in the 300 < LD50 ≤2000 mg/kg GHS acute 
oral toxicity category were predicted correctly; however, since 29 other 
substances were also predicted for this category, the predictivity was 31% 
(13/42) 

• One (10%) of 10 substances in the 2000 < LD50 ≤5000 mg/kg GHS acute oral 
toxicity category was correctly predicted 

• One (8%) of 13 substances with LD50 >5000 mg/kg was correctly predicted 

2.4 Test Method Reliability (Inter- and Intra-Laboratory Reproducibility) 
Reproducibility is the consistency of individual test results obtained within a single 
laboratory (intralaboratory reproducibility) or among different laboratories (interlaboratory 
reproducibility) using the same protocol and test samples. Reproducibility was evaluated 
using the results from the reference substances that yielded IC50 values from all three 
validation study laboratories (i.e., 64 and 68 reference substances for the 3T3 and the NHK 
NRU test methods, respectively). Intra- and inter-laboratory reproducibility of the 3T3 and 
NHK NRU IC50 data were assessed using analysis of variance (ANOVA), coefficient of 
variation (CV) analysis, comparison of the laboratory-specific IC50 - LD50 regressions to one 
another, and comparison of maximum:minimum mean laboratory IC50 values (see BRD 
[ICCVAM 2006] Section 7 for reliability and reproducibility analyses for the  
NICEATM/ECVAM validation study). As indicated below, reproducibility was generally 
better for the NHK NRU test method. 
 
Although ANOVA results for the PC, sodium lauryl sulfate (SLS), IC50  values for the 3T3 
NRU test method indicated there were significant differences among laboratories (p =0.006) 
but not between study phases within laboratories (p >0.01), the data show (see BRD Figure 
7-5 [ICCVAM 2006]) that laboratory means and standard deviations from each testing phase 
overlap which indicated that the IC50 was stable between testing phases. Interlaboratory CV 
values for SLS with the 3T3 NRU test method were relatively low and ranged from 2 to 16% 
for the various study phases. ANOVA results for the SLS IC50 for the NHK NRU test method 
also showed significant differences between laboratories (p <0.001) but also between study 
phases within laboratories (p ≤0.001). A modified cell culturing method at FAL was likely 
responsible for SLS IC50 differences among the laboratories in Phases Ia and Ib. 
Interlaboratory CV values were 39% and 21%, respectively, for Phases Ia and Ib and 31% 
and 8%, respectively, for Phases II and III. Very small but significantly different slopes (p 
<0.05; slope ranges from -0.00032 to 0.00020 for 3T3 and -0.0011 to -0.0004 for NHK) for 
linear regression analyses of the SLS IC50 over time (within each laboratory) for both NRU 
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test methods indicated that SLS IC50 was relatively stable over the 2.5 year duration of the 
study. 
 
The assessment of reproducibility for reference substances by the comparisons of laboratory-
specific IC50 - LD50 regressions indicated that the regressions were not significantly different 
from one another because the regressions for each laboratory were within the 95% 
confidence limits of the mean laboratory regressions. The similarity of the laboratories in 
LD50 predictions (via regression) for the reference substances is relevant with respect to the 
reproducibility analyses since the NRU methods are proposed for use with the regressions in 
determining starting doses for rodent acute oral toxicity tests. 
 
ANOVA results for the reference substances showed significant laboratory differences for 23 
substances for the 3T3 NRU test method, but only for six substances for the NHK NRU test 
method. Mean intralaboratory CV values were 26% for both methods, but the NHK NRU test 
method had a lower mean interlaboratory CV (28% vs 47% for 3T3). An analysis to 
determine the relationship, if any, between substance attributes and interlaboratory CV 
values indicated that physical form, solubility, and volatility had little effect on CV values. 
However, the magnitude of the CV seemed to be related to chemical class, GHS acute 
toxicity category, IC50, and boiling point, although the usefulness of these relationships has 
not been established.  
 
Mean interlaboratory CV values were larger for substances in the most toxic GHS categories 
than for substances in the other toxicity categories, especially with the 3T3 NRU test method. 
The mean interlaboratory CV for substances in the LD50 ≤5 mg/kg (72%) and 5 < LD50 ≤50 
mg/kg (78%) classes were larger than the mean overall interlaboratory CV (47%) with the 
3T3 NRU test method. The mean interlaboratory NHK CV was 37% for substances with 
LD50 ≤5 mg/kg, and 41% for substances with 5< LD50 ≤50 mg/kg, while the mean overall 
interlaboratory CV was 28%. A Spearman correlation analysis showed that the IC50 was 
inversely correlated to interlaboratory CV for both the 3T3 (p =0.015) and NHK (p =0.014) 
test methods, and that boiling point was positively correlated to interlaboratory CV  
(p =0.007) (i.e., higher boiling points were associated with higher CV values) for the 3T3 but 
not the NHK NRU test method (p =0.809). 
 
The maximum:minimum mean laboratory IC50 values for the 3T3 NRU test method ranged 
from 1.1 to 21.6, with 37 (58%) of the 64 reference substances having values less than 2.5. In 
contrast, the maximum:minimum mean laboratory IC50 values for the NHK NRU test method 
ranged from 1.0 to 107.6, with 58 (85%) of the 68 reference substances having values less 
than 2.5. 

2.5 Animal Welfare Considerations: Reduction, Refinement, and Replacement 
Computer models were used to simulate the testing of the reference substances in two 
currently accepted sequential rodent acute oral toxicity test methods, the UDP (OECD 2001a; 
EPA 2002a) and the ATC method (OECD 2001b) using either the default starting dose (175 
mg/kg for the UDP, 300 mg/kg for the ATC), or the starting dose determined by the 3T3 and 
NHK NRU test methods (see BRD [ICCVAM 2006] Section 10 for simulation modeling and 
analyses for the study). The simulations (10,000 per run for the UDP and 2000 per run for the 
ATC) were used to estimate, per substance, the number of animals that would be used and 
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their associated survival rate. The modeling was performed using five different dose-
mortality slopes25 (i.e., 8.3, 4.0, 2.0, 0.8, and 0.5) because such slope information was not 
available for all of the reference substances used. To simplify the presentation of results, 
determination of animal use included the data for only two of the slopes, 2.0 and 8.3. The 
slope of 2.0 is the default used for the calculation of LD50 by the UDP method and the slope 
of 8.3 represents substances, such as pesticides, with higher slopes. Starting doses determined 
by either 3T3 or NHK NRU were tested as were the two RC rat-only regressions, one based 
on molar units, the other on mg/kg (in vivo) and µg/mL (in vitro). 
 
Computer simulation of the UDP testing showed that, for the substances with rat acute oral 
LD50 reference data tested in the validation study (67 for 3T3, 68 for NHK), the NRU-based 
starting doses resulted in the use of fewer animals for UDP testing (compared with using the 
default starting dose of 175 mg/kg). An average of 0.49 animals (6.2%, slope=8.3; NHK 
NRU test method) to 0.54 animals (5.8%, slope=2.0; 3T3 NRU test method) would be saved 
with the RC rat-only millimole regression (Table 2-3). The RC rat-only weight regression 
predicted mean animal savings of 0.54 animals (6.8%, slope=8.3; NHK NRU test method) to 
0.66 animals (7.0%, slope=2.0; 3T3 NRU test method) (Table 2-4). When substances were 
grouped by GHS acute oral toxicity category, no animal savings were predicted for 
substances with 50 <LD50 ≤300 mg/kg; this category includes the default starting dose of 175 
mg/kg. The highest statistically significant animal savings were predicted for substances with 
2000 < LD50 ≤5000 mg/kg and LD50 >5000 mg/kg for both NRU test methods. The greatest 
animal savings were observed for substances in these categories because the limit test, which 
would be used for such substances, uses fewer animals that the main test. When using the RC 
rat-only millimole regression, animal savings for these categories ranged from 1.28 (11.9%) 
to 1.58 (20.3%) animals. Using the RC rat-only weight regression produced animal savings 
of 1.28 (14.0%) to 1.65 animals (16.7%) for the substances in these toxicity categories. 
Although using the 3T3 and NHK NRU IC50 values to estimate starting doses for the 
simulated UDP deceased the number of animals used, it did not change the number of 
animals that died. 

                                                 
25 The dose-mortality slope is the slope of the dose-response curve for mortality. 
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Table 2-3 Animal Use1 for the UDP2 by GHS Acute Oral Toxicity Category3 Using Starting Doses Based on the 3T3 and  
NHK NRU Test Methods with the RC Rat-Only Millimole Regression4   

  
  Dose-mortality Slope = 2.0 Dose-mortality Slope = 8.3 

GHS Acute Oral Toxicity 
Category3 

Number of 
Reference 
Substances 

With Default 
Starting 

Dose5 

With IC50- 
Based 

Starting 
Dose6 

Animals  
Saved7 

With Default 
Starting  

Dose5 

With IC50- 
Based 

Starting 
Dose6 

Animals 
Saved7 

3T3 NRU Test Method 
LD50 ≤5 mg/kg 6 11.32 ±0.20 10.19 ±0.70 1.14 (10.0%) 9.70 ±0.28 8.74 ±0.43 0.96 (9.9%) 
5 < LD50 ≤50 mg/kg 11 9.68 ±0.23 9.74 ±0.45 -0.07 (-0.7%) 8.46 ±0.28 8.54 ±0.47 -0.08 (-1.0%) 
50 < LD50 ≤300 mg/kg 12 7.76 ±0.10 8.18 ±0.21 -0.42 (-5.5%) 6.61 ±0.19 6.90 ±0.19 -0.29 (-4.3%) 
300 < LD50 ≤2000 mg/kg 16 8.53 ±0.21 8.14 ±0.21 0.38 (4.5%) 7.46 ±0.24 7.15 ±0.19 0.31* (4.1%) 
2000 < LD50 ≤5000 mg/kg 10 10.73 ±0.10 9.46 ±0.15 1.28* (11.9%) 9.17 ±0.23 7.96 ±0.31 1.21* (13.2%) 
LD50 >5000 mg/kg 12 9.87 ±0.34 8.29 ±0.49 1.58* (16.0%) 7.76 ±0.59 6.18 ±0.69 1.58* (20.3%) 
Overall Mean 67 9.35 ±0.16 8.80 ±0.17 0.54* (5.8%) 7.95 ±0.18 7.42 ±0.20 0.53* (6.6%) 

NHK NRU Test Method 
LD50 ≤5 mg/kg 6 11.21 ±0.24 10.47 ±0.71 0.75 (6.7%) 9.66 ±0.27 8.95 ±0.52 0.71 (7.3%) 
5 < LD50 ≤50 mg/kg 11 9.65 ±0.16 9.99 ±0. 45 -0.34 (-3.5%) 8.43 ±0.26 8.77 ±0.49 -0.33 (-3.9%) 
50 < LD50 ≤300 mg/kg 12 7.78 ±0.11 8.12 ±0.21 -0.34 (-4.4%) 6.57 ±0.19 6.85 ±0.19 -0.28 (-4.2%) 
300 < LD50 ≤2000 mg/kg 16 8.55 ±0.22 8.03 ±0.23 0.52* (6.1%) 7.49 ±0.25 7.00 ±0.20 0.49* (6.5%) 
2000 < LD50 ≤5000 mg/kg 10 10.75 ±0.08 9.54 ±0.20 1.21* (11.3%) 9.17 ±0.23 8.06 ±0.29 1.11* (12.1%) 
LD50 >5000 mg/kg 13 9.87 ±0.32 8.41 ±0.44 1.47* (14.8%) 7.66 ±0.59 6.18 ±0.69 1.47* (19.2%) 
Overall Mean 68 7.95 ±0.18 7.42 ±0.20 0.50* (5.3%) 7.92 ±0.18 7.43 ±0.20 0.49* (6.2%) 

Abbreviations: UDP=Up-and-Down Procedure; GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3  
fibroblasts; NHK=Normal human epidermal keratinocytes; NRU=Neutral red uptake; RC=Registry of Cytotoxicity.  
*Statistically significant (p <0.05) by a one-sided Wilcoxon signed rank test. Percentage difference shown in parentheses.  
1Mean numbers of animals used ± standard errors for 10,000 simulations for each substance with an upper limit dose of 5000 mg/kg. Although the simulations used whole animals,  
averaging the results over a large number of simulations produced fractional numbers. Results are provided for 67 substances in the 3T3 NRU test method and 68 substances in the  
NHK NRU test method. Substances were categorized using the reference LD50 values in mg/kg from BRD Table 4-2 (ICCVAM 2006).   
2OECD (2001a); EPA (2002a).   
3UN (2005).   
4The RC rat-only millimole regression is log LD50 (mmol/kg) = 0.439 log IC50 (mM) + 0.621.  
5Default starting dose = 175 mg/kg.  
6The starting dose was one default dose lower than the predicted LD50 calculated using the IC50 value for each reference substance in the RC rat-only millimole  
regression. The IC50 value for each reference substance was randomly selected from the distribution of values obtained during the testing with each method.  
7Difference between mean animal use with the default starting dose and mean animal use with the predicted starting dose.  
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Table 2-4 Animal Use1 for the UDP2 by GHS Acute Oral Toxicity Category3 Using Starting Doses Based on the 3T3 and  
NHK NRU Test Methods with the RC Rat-Only Weight Regression4   

  
   Dose-mortality Slope = 2.0 Dose-mortality Slope = 8.3 

GHS Acute Oral Toxicity 
Category3 

Number of 
Reference 
Substances 

With 
Default 

With IC50- 
Based 

Starting 
Dose 

Animals 
Saved7 

With Default 
Starting 

Dose5 

With IC50- 
Based 

Starting  
Dose 

Animals 
Saved7 Starting 

Dose5 
3T3 NRU Test Method 

LD50 ≤5 mg/kg 6 11.29 ±0. 20 10.38 ±0.62 0.90 (8.0%) 9.70 ±0.28 8.92 ±0.37 0.78 (8.0%) 
5 < LD50 ≤50 mg/kg 11 9.71 ±0.22 9.58 ±0.42 0.13 (1.3%) 8.47 ±0.28 8.41 ±0.44 0.06 (0.8%) 
50 < LD50 ≤300 mg/kg 12 7.74 ±0.10 7.99 ±0.18 -0.25 (-3.3%) 6.58 ±0.19 6.76 ±0.18 -0.18 (-2.7%) 
300 < LD50 ≤2000 mg/kg 16 8.52 ±0.21 8.16 ±0.19 0.35 (4.1%) 7.46 ±0.24 7.17 ±0.16 0.28* (3.8%) 
2000 < LD50 ≤5000 mg/kg 10 10.78 ±0.11 9.14 ±0.24 1.64* (15.2%) 9.20 ±0.24 7.61 ±0.37 1.59* (17.3%) 
LD50 >5000 mg/kg 12 9.87 ±0.34 8.23 ±0.48 1.65* (16.7%) 7.76 ±0.59 6.14 ±0.69 1.63* (21.0%) 
Overall Mean 67 9.36 ±0.16 8.70 ±0.16 0.66* (7.0%) 7.94 ±0.18 7.32 ±0.19 0.62* (7.8%) 

NHK NRU Test Method 
LD50 ≤5 mg/kg 6 11.21 ±0.24 10.49 ±0.71 0.72 (6.4%) 9.66 ±0.27 8.97 ±0.52 0.69 (7.1%) 
5 < LD50 ≤50 mg/kg 11 9.70 ±0.18 9.78 ±0.41 -0.07 (-0.8%) 8.45 ±0.27 8.59 ±0.44 -0.13 (-1.6%) 
50 < LD50 ≤300 mg/kg 12 7.75 ±0.11 7.99 ±0.21 -0.24 (-3.1%) 6.58 ±0.19 6.76 ±0.18 -0.18 (-2.7%) 
300 < LD50 ≤2000 mg/kg 16 8.54 ±0.21 8.20 ±0.22 0.34 (3.9%) 7.48 ±0.23 7.17 ±0.16 0.31 (4.1%) 
2000 < LD50 ≤5000 mg/kg 10 10.77 ±0.08 9.40 ±0.25 1.38*(12.8%) 9.18 ±0.23 7.90 ±0.33 1.28* (14.0%) 
LD50 >5000 mg/kg 13 9.88 ±0.32 8.34 ±0.44 1.54*(15.6%) 7.66 ±0.56 6.12 ±0.63 1.53* (20.0%) 
Overall Mean 68 9.36 ±0.16 8.80 ±0.17 0.56* (6.0%) 7.92 ±0.18 7.38 ±0.20 0.54* (6.8%) 

Abbreviations: UDP=Up-and-Down Procedure; GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3  
fibroblasts; NHK=Normal human epidermal keratinocytes; NRU=Neutral red uptake; RC=Registry of Cytotoxicity.  
*Statistically significant (p <0.05) by a one-sided Wilcoxon signed rank test. Percent difference is shown in parentheses.  
1Mean number of animals used ± standard errors for 10,000 simulations for each substance with a limit dose of 5000 mg/kg. Although the simulations used whole animals,  
averaging the results over a large number of simulations produced fractional numbers. Results are provided for 67 substances for the 3T3 NRU test method and 68 substances for  
the NHK NRU test method categorized using the reference LD50 values in mg/kg from BRD Table 4-2 (ICCVAM 2006).  
2OECD (2001a); EPA (2002a).  
3UN (2005).   
4The RC rat-only weight regression is log LD50 (mg/kg) = 0.372 log IC50 (µg/mL) + 2.024    
5Default starting dose = 175 mg/kg.  
6The starting dose was one default dose lower than the predicted LD50 calculated using the IC50 values for each reference substance in the RC rat-only weight  
regression. The IC50 value for each reference substance was randomly selected from the distribution of values obtained during the testing with each method.  
7Difference between mean animal use with the default starting dose and mean animal use with the predicted starting dose.  
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Computer simulation of ATC method testing showed that, for the substances tested in the 
validation study, the prediction of starting doses using the NRU test methods resulted in a 
savings of 0.51 animals (4.8%, slope=8.3 [3T3]) to 0.80 animals (7.3%, slope=2.0 [NHK]) 
per test when using the RC rat-only millimole regression (Table 2-5). The RC rat-only 
weight regression produced animal savings of 0.91 animals (8.6%, slope=8.3) to 1.09 
animals (10.2%, slope=8.3) (Table 2-6). No animal savings were predicted for substances 
with 300 < LD50 ≤2000 mg/kg when reference substances were grouped by GHS acute oral 
toxicity category; this category includes the default starting dose of 300 mg/kg. Statistically 
significant mean animal savings for ATC testing were highest for substances with 5 < LD50 
≤50 mg/kg and for substances with LD50 >5000 mg/kg. Mean animal savings using the RC 
rat-only millimole regression for both test methods for substances with 5 < LD50 ≤50 mg/kg 
ranged from 1.15 animals (9.8%, slope=8.3) to 1.33 animals (11.4%, slope=8.3). Mean 
animal savings for substances with LD50 >5000 mg/kg ranged from 2.03 animals (17.1%, 
slope=2) to 2.66 animals (22.2%, slope=8.3). Using the RC rat-only weight regression, mean 
animal savings for both test methods for substances with 5 < LD50 ≤50 mg/kg ranged from 
1.25 animals (10.8%, slope=2) to 1.51 animals (13.0%, slope=2.0). Mean animal savings for 
both test methods for substances with LD50 >5000 mg/kg ranged from 2.94 animals, (24.8%, 
slope=2.0) to 3.33 animals (27.7%; slope=8.3). 
 
Animal savings did not correlate with the accuracy of the GHS acute oral toxicity category 
predictions based on the LD50 values calculated using the IC50 values in the RC rat-only 
regressions. The reason that animal savings is unrelated to the accuracy of prediction of GHS 
acute oral toxicity category based on the LD50 values calculated using IC50 values in the RC 
rat-only regressions is because two different standards were used for comparison in the two 
analyses: 

• GHS acute oral toxicity category predictions were compared with the GHS 
categories derived from the in vivo reference rat oral LD50 

• The number of animals used (to determine animal savings) was compared 
with the animal use at the default starting dose of 175 mg/kg for the UDP or 
300 mg/kg for the ATC 

 
Despite the poor GHS accuracy for the low toxicity chemicals (the toxicity of almost all were 
overpredicted by one GHS category), animal savings were greatest due to the fact that testing 
goes to the limit dose faster. 
 
The use of the IC50-based starting doses did not significantly alter the GHS category 
outcomes of the simulated UDP (based on LD50 outcome) or ATC when compared with the 
outcomes based on the default starting dose. The concordance for GHS acute oral toxicity 
category for the IC50-based starting dose with the default starting dose was 97 to 99% for 
both in vitro NRU methods and IC50-LD50 regressions evaluated. 
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Table 2-5 Animal Use1 for the ATC2 Method by GHS Acute Oral Toxicity Category3 Using Starting Doses Based on the 
3T3 and NHK NRU Test Methods with the RC Rat-Only Millimole Regression4  

 
   Dose-Mortality Slope = 2.0 Dose-Mortality Slope = 8.3 

GHS Acute Oral Toxicity 
Category3 

Number of 
Reference 
Substances 

With Default 
Starting 

Dose5 

With IC50- 
Based 

Starting 
Dose6 

Animals Saved7 With Default 
Starting Dose5 

WithIC50-
Based 

Starting 
Dose6 

Animals 
Saved7 

3T3 NRU Test Method 
LD50 ≤5 mg/kg 6 9.77 ±0.17 7.09 ±1.09 2.68 (27.4%) 9.08 ±0.08 6.38 ±1.09 2.70 (29.7%) 
5 < LD50 ≤50 mg/kg 11 11.56 ±0.21 10.39 ±0.52 1.17* (10.2%) 11.75 ±0.16 10.60 ±0.43 1.15* (9.8%) 
50 < LD50 ≤300 mg/kg 12 10.81 ±0.20 10.39 ±0.17 0.42 (3.9%) 9.42 ±0.26 9.27 ±0.11 0.15 (1.6%) 
300 < LD50 ≤2000 mg/kg 16 9.75 ±0.07 10.67 ±0.48 -0.92* (-9.5%) 9.26 ±0.10 10.56 ±0.62 -1.30* (-14.0%) 
2000 < LD50 ≤5000 mg/kg 10 11.22 ±0.08 11.14 ±0.08 0.08 (0.7%) 11.88 ±0.10 11.77 ±0.10 0.11 (0.9%) 
LD50 >5000 mg/kg 12 11.85 ±0.04 9.82 ±0.78 2.03* (17.1%) 12.00 ±0.000 9.81 ±0.84 2.19* (18.3%) 
Overall Mean 67 10.89 ±0.12 10.27 ±0.24 0.62* (5.7%) 10.64 ±0.17 10.13 ±0.27 0.51* (4.8%) 

NHK NRU Test Method 
LD50 ≤5 mg/kg 6 9.74 ±0.16 6.78 ±1.31 2.96 (30.4%) 9.09 ±0.08 6.09 ±1.23 2.99 (33.0%) 
5 < LD50 ≤50 mg/kg 11 11.56 ±0.21 10.38 ±0.35 1.18* (10.2%) 11.76 ±0.17 10.42 ±0.45 1.33* (11.4%) 
50 < LD50 ≤300 mg/kg 12 10.83 ±0.21 10.39 ±0.29 0.44 (4.0%) 9.44 ±0.26 9.63 ±0.49 -0.20 (-2.1%) 
300 < LD50 ≤2000 mg/kg 16 9.77 ±0.06 10.37 ±0.49 -0.60 (-6.1%) 9.26 ±0.10 10.11 ±0.63 -0.85 (-9.2%) 
2000 < LD50 ≤5000 mg/kg 10 11.22 ±0.08 11.25 ±0.12 -0.03 (-0.3%) 11.87 ±0.10 11.89 ±0.15 -0.02 (-0.2%) 
LD50 >5000 mg/kg 13 11.86 ±0.03 9.43 ±0.73 2.43* (20.5%) 12.00 ±0.000 9.34 ±0.80 2.66* (22.2%) 
Overall Mean 68 10.91 ±0.11 10.11 ±0.24 0.80* (7.3%) 10.67 ±0.17 9.96 ±0.29 0.70* (6.6%) 

Abbreviations: ATC=Acute Toxic Class method; GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3 
fibroblasts; NHK=Normal human epidermal keratinocytes; NRU=Neutral red uptake; RC=Registry of Cytotoxicity. 
*Statistically significant (p <0.05) by a one-sided Wilcoxon signed rank test. Percentage difference is shown in parentheses. 
1Mean number of animals used ± standard errors for 2000 simulations for each substance with an upper limit dose of 2000 mg/kg. Results are provided for 67 substances in the 
3T3 NRU test method and 68 substances in the NHK NRU test method categorized using the reference LD50 values in mg/kg from BRD Table 4-2 (ICCVAM 2006). Although the 
simulations used whole animals, averaging the results over a large number of simulations produced fractional numbers. 
2OECD (2001d). 
3GHS for acute oral toxicity (UN 2005). 
4The RC rat-only millimole regression is log LD50 (mmol/kg) = 0.439 log IC50 (mM) + 0.621. 
5Default starting dose =300 mg/kg. 
6 The starting dose was the next fixed dose lower than the predicted LD50 using the IC50 for each reference substance in the RC rat-only millimole regression. The IC50 value for 
each reference substance was randomly selected from the distribution of values obtained during the testing with each method. 
7Difference between mean animal use with the default starting dose and mean animal use with the IC50-based starting dose. 
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Table 2-6 Animal Use1 for the ATC2 Method by GHS Acute Oral Toxicity Category3 Using Starting Doses Based on the  
3T3 and NHK NRU Test Methods with the RC Rat-Only Weight Regression4   

  
   Dose-Mortality Slope = 2.0 Dose-Mortality Slope = 8.3 

GHS Acute Oral Toxicity 
Category3 

Number of 
Reference 
Substances 

With 
Default 

With IC50- 
Based 

Starting 
Dose6 

Animals 
Saved7 

With 
Default 
Starting 

Dose5 

With IC50- 
Based 

Starting 
Dose6 

Animals 
Saved7 Starting 

Dose5 
3T3 NRU Test Method 

LD50 ≤5 mg/kg 6 9.77 ±0.17 7.56 ±1.03 2.21 (22.6%) 9.08 ±0.08 6.85 ±0.99 2.24 (24.6%) 
5 < LD50 ≤50 mg/kg 11 11.56 ±0.21 10.06 ±0.38 1.51* (13.0%) 11.75 ±0.16 10.27 ±0.33 1.48* (12.6%) 
50 < LD50 ≤300 mg/kg 12 10.81 ±0.20 10.35 ±0.18 0.47* (4.3%) 9.42 ±0.26 9.20 ±0.10 0.22 (2.4%) 
300 < LD50 ≤2000 mg/kg 16 9.75 ±0.07 10.67 ±0.50 -0.93* (-9.5%) 9.26 ±0.10 10.65 ±0.66 -1.39 (-15.0%) 
2000 < LD50 ≤5000 mg/kg 10 11.22 ±0.08 9.80 ±0.51 1.43* (12.7%) 11.88 ±0.10 9.44 ±0.88 2.43 (20.5%) 
LD50 >5000 mg/kg 12 11.85 ±0.04 8.83 ±0.83 3.02* (25.5%) 12.00 ±0.00 8.67 ±0.91 3.33* (27.7%) 
Overall 67 10.89 ±0.12 9.85 ±0.24 1.04* (9.6%) 10.64 ±0.17 9.55 ±0.29 1.09* (10.2%) 

NHK NRU Test Method 
LD50 ≤5 mg/kg 6 9.74 ±0.16 6.87 ±1.28 2.87 (29.4%) 9.09 ±0.08 6.18 ±1.20 2.91 (32.0%) 
5 < LD50 ≤50 mg/kg 11 11.56 ±0.21 10.31 ±0.19 1.25* (10.8%) 11.76 ±0.17 10.40 ±0.33 1.36* (11.5%) 
50 < LD50 ≤300 mg/kg 12 10.83 ±0.21 10.41 ±0.28 0.42 (3.8%) 9.44 ±0.26 9.63 ±0.49 -0.20 (-2.1%) 
300 < LD50 ≤2000 mg/kg 16 9.77 ±0.62 10.46 ±0.50 -0.69 (-7.1%) 9.26 ±0.10 10.23 ±0.65 -0.97 (-10.4%) 
2000 < LD50 ≤5000 mg/kg 10 11.22 ±0.09 10.69 ±0.37 0.53 (4.7%) 11.87 ±0.10 11.03 ±0.60 0.84 (7.1%) 
LD50 >5000 mg/kg 13 11.86 ±0.03 8.91 ±0.78 2.94* (24.8%) 12.00 ±0.00 8.75 ±0.85 3.25* (27.1%) 
Overall Mean 68 10.91 ±0.11 9.95 ±0.24 0.96* (8.8%) 10.67 ±0.17 9.75 ±0.30 0.91* (8.6%) 

Abbreviations: ATC=Acute Toxic Class method; GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3  
fibroblasts; NHK=Normal human epidermal keratinocytes; NRU=Neutral red uptake; RC=Registry of Cytotoxicity.  
*Statistically significant (p <0.05) by a one-sided Wilcoxon signed rank test. Percentage difference is shown in parentheses.  
1Mean number of animals used ± standard errors for 2000 simulations for each substance with an upper limit dose of 2000 mg/kg. Although the simulations used whole animals,  
averaging the results over a large number of simulations produced fractional numbers. Results are provided for 67 substances in the 3T3 NRU test method and 68 substances in the  
NHK NRU test method categorized using the reference LD50 values in mg/kg from BRD Table 4-2 (ICCVAM 2006).  
2OECD (2001d).  
3GHS for acute oral toxicity (UN 2005).   
4log LD50 (mg/kg) = 0.372 log IC50 (µg/mL) + 2.024    
5Default starting dose = 300 mg/kg.  
6 The starting dose was one fixed dose lower than the predicted LD50 calculated using the IC50 for each reference substance in the RC rat-only weight regression. The IC50 value for  
each reference substance was randomly selected from the distribution of values obtained during the testing with each method.  
7Difference between mean animal use with the default starting dose and mean animal use with the IC50-based starting dose  
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2.6 ICCVAM Recommendations for Test Method Uses 
ICCVAM’s recommendations for use of these test methods are as follows:   

1. The 3T3 and NHK NRU test methods are not sufficiently accurate to predict 
acute oral toxicity for the purpose of regulatory hazard classification (see 
Section 2.3 above and Section 6 of the BRD [ICCVAM 2006]). 

2. For the purposes of acute oral toxicity testing, the 3T3 and NHK NRU test 
methods may be used in a weight-of-evidence approach to determine the 
starting dose for the current acute oral toxicity protocols (i.e., the UDP, the 
ATC method). 

3. Consistent with the U.S. Government Principles on the Use of Animals in 
Research, Testing, and Education26, and the U.S. Public Health Service Policy 
on Humane Care and Use of Laboratory Animals (PHS 2002), in vitro basal 
cytotoxicity test methods as part of a weight-of-evidence approach to estimate 
the starting dose for acute oral in vivo toxicity test methods should be 
considered and used where appropriate before testing is conducted using 
animals. For some types of substances, this approach will reduce the number 
of animals needed. In some testing situations, the approach may also reduce 
the numbers of animals that die or need to be humanely killed. 

4. The starting doses for substances with certain toxic mechanisms that are not 
expected to be active in 3T3 or NHK cells (e.g., those that are neurotoxic or 
cardiotoxic) will likely be underpredicted by these in vitro basal cytotoxicity 
test methods. Therefore, the results from basal cytotoxicity testing with such 
substances may not be appropriate for estimating starting doses. 

5. The regression formula used to determine starting doses for test substances 
with known molecular weights and high purity should be the revised RC 
millimole regression line, based on substances with rat LD50 data, with IC50 
values in mmol/L and LD50 values in mmol/kg. The regression formula used 
to determine starting doses for mixtures, test substances with low or unknown 
purity, or test substances with unknown molecular weights should be the 
revised RC regression line, based on substances with rat LD50 data, with IC50 
values in µg/mL and LD50 values in mg/kg. 

6. The performance of other in vitro basal cytotoxicity test methods that are 
based on similar scientific principles and that measure or predict the same 
biological response (i.e., basal cytotoxicity and the rat acute oral LD50 value, 
respectively) should be demonstrated to meet or exceed the accuracy and 
reliability of the 3T3 and NHK NRU test methods (see Section 3.0 for 
ICCVAM Recommended Performance Standards).  

7. Compared to the NHK NRU test method, the 3T3 NRU test method appears to 
be less labor intensive and less expensive to conduct; therefore, the 3T3 NRU 
test method is recommended for general use. Although the 3T3 NRU test 
method was less reproducible than the NHK NRU test method, it produced 
slightly higher animal savings and accuracy for prediction of GHS acute oral 

                                                 
26 IRAC (Interagency Research Animal Committee). 1985. U.S. Government Principles for Utilization and Care 
of Vertebrate Animals Used in Testing, Research, and Training. Federal Register, 1985, May 20, Vol. 50, 
No.97. 
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toxicity category using the IC50 and the revised RC regressions evaluated for 
the prediction of LD50. 

2.7 ICCVAM Recommendations for Future Studies  
ICCVAM recommends the following future studies in order to advance the use of in vitro 
methods for assessing acute oral toxicity for regulatory hazard classification purposes: 

1. Additional data should be collected using the 3T3 NRU basal cytotoxicity test 
method to evaluate its usefulness for predicting the rodent acute oral toxicity 
of chemical mixtures. 

2. To supplement the high quality validation database started by this study, 
additional high quality comparative in vitro basal cytotoxicity data should be 
collected when rat acute oral toxicity testing is conducted. However, in vivo 
testing should not be conducted solely to collect data to assess the usefulness 
of the NRU test method. Periodic evaluations of the expanded database should 
be conducted to further characterize the usefulness and limitations of using in 
vitro cytotoxicity data as part of a weight-of-evidence approach to estimate 
starting doses. 

3. Additional efforts should be conducted to identify in vitro tests and other 
methods necessary to achieve accurate acute oral hazard classification; studies 
should be conducted to investigate the potential use of in vitro cell-based test 
methods that incorporate mechanisms of action and evaluations of ADME 
(absorption, distribution, metabolism, excretion) to provide improved 
estimates of acute toxicity hazard categories. Methods should be developed to 
extrapolate from in vitro toxic concentrations to equivalent doses in vivo. 

4. The in vivo database of reference substances used in this validation study 
should be used to evaluate the utility of other non-animal approaches to 
estimate starting doses for acute oral toxicity tests (e.g., widely available 
software that uses quantitative structure-activity relationships [QSAR]). 

5. Standardized procedures to collect in vivo measurements and observations 
pertinent to an understanding of the mechanisms of lethality should be 
included in future rat acute oral toxicity studies. Such information will likely 
be necessary to support the further development of predictive mechanism-
based in vitro methods. 

6. An expanded list of reference substances with rat acute oral LD50 values 
substantiated by high quality in vivo data (including data currently held by 
industry) should be developed for use in future in vitro test method 
development and validation studies. 
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3.0 ICCVAM RECOMMENDED PERFORMANCE STANDARDS 
The purpose of performance standards is to communicate the basis by which validated new 
proprietary (e.g., copyrighted, trademarked, registered) and nonproprietary test methods have 
been determined to have sufficient accuracy and reliability for specific testing purposes. 
Performance standards can then be used to evaluate the accuracy and reliability of other test 
methods that are based on similar scientific principles and that measure or predict the same 
biological or toxic effect. The three elements of performance standards are essential test 
method components (see Section 3.1), a minimum list of reference substances for assessing 
the accuracy and reliability of the proposed test method (see Section 3.2), and the accuracy 
and reliability values that should be achieved by the proposed test method using the 
minimum list of reference substances (see Section 3.3).  
 
The 3T3 and NHK NRU test methods are not sufficiently accurate to predict the acute oral 
toxicity of substances for the purposes of regulatory hazard classification and labeling. 
However, these test methods may be used in a weight-of-evidence approach to determine the 
starting dose for the UDP (OECD 2001a; EPA 2002a) and the ATC (OECD 2001b) rodent 
acute oral toxicity test methods. The performance of other in vitro basal cytotoxicity test 
methods that are based on similar scientific principles and that measure or predict the same 
biological response (i.e., basal cytotoxicity and the rat acute oral LD50, respectively) should 
meet or exceed the accuracy and reliability of the 3T3 and NHK NRU test methods.  
 
The extent to which proposed in vitro basal cytotoxicity test methods should demonstrate 
comparable performance to these two in vitro NRU cytotoxicity test methods should be 
considered on a case-by-case basis.  

3.1 Essential Test Method Components for In Vitro Basal Cytotoxicity Assays to 
Predict Starting Doses for Acute Oral Toxicity Tests 

These test method components consist of essential structural, functional, and procedural 
elements of a validated test method that should be included in the protocol of a proposed, 
mechanistically and functionally similar test method. Essential test method components 
include unique characteristics of the test method, critical procedural details, and quality 
control measures. Adherence to essential test method components will help to assure that a 
proposed test method is structurally and functionally similar to the corresponding validated 
test method. 
 
The basic steps of an in vitro basal cytotoxicity assay are as follows: 

• The test substance is dissolved in an appropriate solvent and applied as a 
solution to cells that, under control conditions, would be expected to be 
growing exponentially throughout the exposure period. 

• The test substance is incubated with the cells for a specified period of time. 
• The test substance is removed and an endpoint indicative of cell viability or 

cytotoxicity is measured. 
• The IC50 value is calculated (i.e., the concentration at which cell viability or 

growth is inhibited by 50% compared to control values).  
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Many different in vitro basal cytotoxicity methods might be used to estimate rat acute oral 
LD50 values and, thus, to predict the starting dose for a rodent acute oral lethality assay. In 
vitro basal cytotoxicity data determined using various primary cells and permanent non-
differentiated finite or transformed cell lines, generally exhibits the same concentration-
response cytotoxicity relationship when exposed to the same xenobiotic, regardless of the 
toxic endpoints investigated. The following endpoints are sufficiently characteristic of basal 
cytotoxicity (Spielmann et al. 1999; Halle 1998, 2003): 

• Inhibition of cell proliferation: cell number, cell protein, deoxyribonucleic 
acid (DNA) content, DNA synthesis, colony formation 

• Cell viability - metabolic markers: metabolic inhibition test, mitochondrial 
reduction of tetrazolium salts into soluble dye 

• Decreased cell viability - membrane markers: NRU into cell lysosomes, 
Trypan Blue exclusion, cell attachment/cell detachment for monolayer 
cultures 

• Differentiation markers: functional or morphological differentiation within 
cell clusters, intracellular morphology 

 
Markers of the release of intracellular components, such as the enzyme lactate 
dehydrogenase (i.e., LDH release test) or of dye introduced into the cells previous to 
chemical exposure as occurs, for example, in the fluorescein leakage (FL) test or the Neutral 
Red Release (NRR) test, are not considered to be characteristic for basal cytotoxicity because 
they specifically detect damage of the outer cell membrane and generally are associated with 
short-term chemical exposure (ICCVAM 2001b). A chemical that specifically damages only 
cell membranes, however, will be detected correctly in one of the tests for basal cytotoxicity 
listed above.  
 
Investigators using an in vitro basal cytotoxicity system for prediction of the in vivo starting 
dose for acute oral toxicity studies must be able to demonstrate that the assay is valid for its 
intended use. This includes demonstrating that any modification to the existing validated 
reference test method does not adversely affect its performance characteristics. In vitro 
systems may be used to test solids, liquids, and emulsions of any chemical or product class. 
The liquids can be aqueous or nonaqueous; solids can be soluble or insoluble in water. The 
samples may be pure chemicals, dilutions, formulations, or waste. Test substances must be 
soluble in cell culture medium, dimethyl sulfoxide (DMSO), or ethanol (ETOH). The test 
method endpoint (i.e., percent of control values) is used to generate an IC50 value in mM (if 
the substance’s molecular weight is known, and, if not, in µg/mL) and the IC50 value is used 
in the regressions developed to estimate the LD50 value in mmol/kg (or mg/kg). 
 
The following is a description of the essential test method components for in vitro basal 
cytotoxicity assays to predict starting doses for acute oral toxicity/lethality tests. 

3.1.1 In Vitro Cell Culture Conditions 
• A mammalian cell line (or primary cells) is used that divides rapidly with 

doubling times of less than 30 hours under standard culture conditions, 
preferably with calf serum (CS), NCS, or serum-free medium (ICCVAM 
2001b). 
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• Cells are allowed to propagate in sterile tissue culture vessels (e.g., flasks) and 
then are subcultured to other sterile tissue culture vessels (e.g., 96 well-plates) 
for use in testing. Initial cell seeding should be done at a density that allows 
for exponential growth throughout the exposure period.  

• Appropriate cell culture growth conditions are maintained throughout the 
testing period (e.g., 37 °C ±1 °C, 90% ±10% humidity, 5.0% ±1% CO2/air). 
The cell cultures should be free of contamination with bacteria, mycoplasma, 
or fungi. 

• Cell culture media should be prequalified by the testing laboratory via a 
standardized protocol before initiating the test to guarantee that the media 
provide cells with appropriate nutrients to meet the growth criteria required 
for the test method. 

3.1.2 Application of the Test Substances 
Test Substance Preparation 

• Test substance solutions should be prepared in cell culture medium within an 
hour before application to the cell cultures (unless the stability of the test 
substance in the solvent used requires shorter times or allows longer times).  

• Standard protocol methods for solubility procedures can include mixing the 
test substance by vortexing, sonication, warming, and stirring. Test substances 
should be fully solubilized (i.e., no visual observation of test substance in the 
dosing solution) before application.  

• An inherent limitation to in vitro cytotoxicity is the testing of volatile 
substances since the material may evaporate before application to the cells or 
may not remain in the test vessel when incubated. If volatility is predicted or 
identified for a test substance (e.g., by detection of cross-contamination of the 
high concentrations of test substance in culture with lower concentrations or 
controls in the test vessel), measures can be employed to test moderately 
volatile substances (e.g., cover the test plate with a CO2 permeable plastic film 
cover/sealer). 

 
Cytotoxicity Test 

• Each cytotoxicity test should contain a range of test substance concentrations 
such that the IC50 value can be determined with at least one cytotoxic point 
between 0 – 50% viability and at least one cytotoxic point between 50 – 100% 
viability.  

• A minimum of three adequate data points should be collected for each test 
substance concentration. (Note: The NICEATM/ECVAM validation study 
required the testing of six replicates for each test substance concentration with 
at least four successful replicates.) 

• Blanks (i.e., culture vessels without cells) should be available for assessing 
background interference when measuring the endpoint.  

• Cell monolayers in tissue culture vessels should be adequately covered (e.g., a 
minimum of 100 µL of test substance solution per well in a 96-well test plate).  

• The substance exposure period should be at least the duration of one cell cycle 
(i.e., approximately 24 to 72 hours) (Riddell et al. 1986). [Note: The 
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NICEATM/ECVAM validation study required an exposure period of 48 hours 
for 3T3 and NHK cells; the cell cycle duration (i.e., doubling time) for these 
cells ranged from 17 to 19 (3T3) and 10 to 22 (NHK) hours in log phase.] 

• At the end of the exposure period, most endpoints require washing the test 
substance from the cells with an appropriate buffering solution (e.g., 
Dulbecco’s Phosphate Buffered Saline [DPBS]) before applying the endpoint 
material (e.g., neutral red dye). Washing cells to remove the test substance is 
the default recommendation unless it is known that washing would interfere 
with measurement of the endpoint. 

3.1.3 Control Substances 
Vehicle Controls (VC): The VCs provide the reference for 100% cell growth in the test vessel 
and, thus, the vehicle (or solvent) must be compatible with the cell culture system (i.e., not 
cause cytotoxicity or reduce cell growth through other mechanisms) and should not alter the 
properties of the test substance. The VCs should contain the solvent at the concentration 
applied to the cells. For example, DMSO and ETOH at a final concentration ≤0.5% [v/v] 
were demonstrated to be compatible with cell growth for 3T3 and NHK cells in the 
NICEATM/ECVAM validation study. If the compatibility of the solvent with the cell culture 
system is unknown, cultures with and without the solvent should be included in each 
experiment.  
 
Positive Controls (PC): The purpose of a PC substance is to demonstrate that the cell culture 
system is responding with adequate sensitivity to a cytotoxic agent for which the magnitude 
of the cytotoxic response is well characterized. The PC substance should be tested 
concurrently with (and independent of) the test substance. The PC should be well 
characterized for its cytotoxicity potential and each test should generate a response that is 
comparable to the historic IC50 range generated by the laboratory. A laboratory should 
perform a minimum of 10 cytotoxicity tests using the PC over a number of days to develop a 
minimum historical database of IC50 data. Typically, for biologically based test methods, 
suggested acceptable ranges for the PC response are within two to three standard deviations 
of the historical mean response, but developers of proprietary test methods may establish 
tighter ranges. Sodium lauryl sulfate (SLS) is an effective PC substance for use in in vitro 
basal cytotoxicity test methods. [Note: The NICEATM/ECVAM validation study used SLS 
as the PC and required 2.5 standard deviations of the historical mean response as the 
acceptable range.] 
 
Benchmark Controls: Benchmark controls may be useful to demonstrate that the test method 
is functioning properly for detecting the cytotoxic potential of substances of a specific 
chemical class or a specific range of responses, or for evaluating the relative cytotoxic 
potential of a cytotoxic test substance. Appropriate benchmark controls should have the 
following properties: 

• Consistent and reliable source(s) for the substance 
• Structural and functional similarity to the class of the substance being tested  
• Known physical/chemical characteristics 
• Supporting data on known effects in animal models 
• Known potency in the range of response (including moderate response) 
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3.1.4 Viability Measurements 
• Only standardized, quantitative methods should be used to measure cell 

viability. The protocol should be compatible with laboratory apparatus such as 
spectrophotometers that allow a quick and precise measurement of the 
endpoint.  

• Non-specific dye binding must not interfere with the viability measurement. A 
measurement endpoint that is well established and that has good 
interlaboratory reproducibility should be used (ICCVAM 2001b).  

• A detailed concentration-response experiment should be conducted using a 
progression factor that yields graded effects between no effect and total 
cytotoxicity. Any desired toxicity measure can be derived from a well-
designed concentration-response experiment.  

• Preference should be given to endpoints that determine either cell proliferation 
or cell viability (e.g., NRU, MTT [3-(4,5,dimethylthiazol-2yl)2,5-diphenyl 
tetrazolium bromide], XTT [Sodium 3,3,-[(phenylamino)carbonyl]-3,4-
tetrazolium-bis(4-methoxy-6-nitro)benzenesulfonic acid hydrate]) (ICCVAM 
2001b).  

• Simple endpoints such as total protein content are not recommended, as they 
may underpredict the toxicity of certain test substances by including protein 
from dead cells.  

• A lack of information and a low level of accuracy characterize experiments 
that seek only to identify the highest tolerated dose or the lowest cytotoxic 
dose. 

 
Colorimetric endpoints (e.g., NRU) should have the optical density (OD) 
spectrascopically-measured at the appropriate wavelength (e.g., 540 nm ±10 nm for 
NRU) and OD values for blanks should be subtracted from the vehicle control and test 
substance ODs. 
 

3.1.5 Interpretation of Results 
IC50 Determination: The endpoint values obtained at each concentration of the test substance 
can be used to calculate the percentage of cell viability or growth relative to the negative 
(vehicle) control, which is arbitrarily set at 100%. The cell viability criteria used to determine 
an IC50 value must be clearly defined and documented, and be shown to be appropriate. In 
general, such criteria are established during test optimization, tested during a prevalidation 
phase, and confirmed in a validation study.  
 
Regression Formula: The recommended regression formulas to predict LD50 values from 
IC50 values are  

• The RC rat-only millimole regression for substances with known molecular 
weight: log LD50 (mmol/kg) = 0.439 log IC50 (mM) + 0.621  

• The RC rat-only weight regression for mixtures and substances with no 
known molecular weight: log LD50 (mg/kg) = 0.372 log IC50 (µg/mL) + 2.024 



ICCVAM Test Method Evaluation Report Section 3 November 2006 

30 

3.1.6 Test Report  
The test report should include the following information, if relevant to the conduct of the 
study: 
Test Substances and Control Substances 

• Chemical name(s) such as Chemical Abstracts Service Registry Number 
(CASRN) and molecular weight (if known), followed by other names, if 
known 

• Formulation (if available) of the test substance if the material is a mixture 
• Purity and composition of the substance or preparation (in percentage[s] by 

weight) 
• Physicochemical properties such as physical state, volatility, pH, stability, 

chemical class, water solubility relevant to the conduct of the study 
• Treatment of the test/control substances prior to testing, if applicable (e.g., 

vortexing, sonication, warming; solvent used) 
• Stability, if known 

Justification of the In Vitro Test Method and Protocol Used 
Test Method Integrity 

• The procedure used to insure the integrity (i.e., accuracy and reliability) of the 
test method over time 

• If the test method employs proprietary components, documentation on the 
procedure used to ensure their integrity from “lot-to-lot” and over time 

• The procedures that the user may employ to verify the integrity of the 
proprietary components  

Criteria for an Acceptable Test 
• Acceptable concurrent PC ranges based on historical data 
• Acceptable negative and solvent/VC data 

Test Conditions 
• Cell system used 
• Calibration information for measuring device used for measuring cell viability 

(e.g., spectrophotometer) 
• Details of test procedure used 
• Test doses used 
• Description of any modifications of the test procedure 
• Reference to historical data of the model 
• Description of evaluation criteria used 

Results 
• Tabulation of data from individual test samples (e.g., OD values and 

calculated percentage cell viability data for the test substance and the PC and 
negative and benchmark controls, reported in tabular form, including data 
from replicate repeat experiments as appropriate, and means ± the standard 
deviation for each trial) 

• Calculated IC50 value 
• Calculated starting dose (i.e., LD50 value) using IC50 value in regression 

formula 
• Regression formula (prediction model) used 
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Description of Other Effects Observed 
Discussion of the Results 
Conclusion 

3.2 Reference Substances for In Vitro Basal Cytotoxicity Assays to Predict 
Starting Doses for Acute Oral Toxicity Tests 

Reference substances are used to assess the accuracy and reliability of a proposed, 
mechanistically and functionally similar test method and are a representative subset of those 
used to demonstrate the reliability and the accuracy of the validated test method. These 
substances:  

• Are representative of the range of responses that the validated test method is 
capable of measuring or predicting 

• Have produced consistent results in the validated test method  
• Will reflect the accuracy of the validated test method  
• Have well-defined chemical structures  
• Are readily available 
• Are not associated with excessive hazard or prohibitive disposal costs  

 
The subset of 30 reference substances in Table 3-1 was chosen from the 72 reference 
substances used in the NICEATM/ECVAM validation study. Reference substances that 
exhibited solubility difficulties or were volatile in culture during this study are included as a 
secondary subset and are recommended for investigational purposes only.  
 
The substances in this list represent the following types of chemical classes: acyclic 
hydrocarbons, alcohols, amides, amines, arsenical compounds, boron compounds, cadmium 
compounds, carboxylic acids, chlorine compounds, cyclic hydrocarbons, fluorine 
compounds, heterocyclics, mercury compounds, nitro compounds, organometallics, phenols, 
organophosphorous compounds, polycyclics, potassium compounds, sodium compounds, 
sulfur compounds, and ureas.  
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Table 3-1 Recommended Reference Substances for Evaluation of In Vitro Basal Cytotoxicity Methods for Predicting the 
Starting Dose for Rodent Acute Oral Toxicity Tests  

 

Reference Substance CASRN Rodent Oral LD50
1 3T3 IC50

2 NHK IC50
2 

mg/kg mmole/kg µg/mL mM µg/mL mM 
LD50 ≤5 mg/kg 

Mercury II chloride 7487-94-7 1 0.0037 4.122 0.0152 5.796 0.0213 
Triethylenemelamine 51-18-3 1 0.0049 0.2722 0.0013 1.853 0.0091 
Cycloheximide 66-81-9 2 0.0071 0.1874 0.0007 0.0734 0.0003 
Busulfan 55-98-1 2 0.0081 77.68 0.3154 260.1 1.056 
Phenylthiourea 103-85-5 3 0.0197 78.98 0.5189 336.3 2.210 

5 < LD50 ≤50 mg/kg 
Dichlorvos 62-73-7 17 0.0769 17.74 0.0803 10.69 0.0484 
Digoxin 20830-75-5 18 0.0230 445.5 0.5705 0.0010 0.000001 
Sodium arsenite 7784-46-5 41 0.3156 0.7587 0.0058 0.4766 0.0037 
Triphenyltin hydroxide 76-87-9 44 0.1199 0.0172 0.00005 0.0101 0.00003 
Sodium dichromate 
dihydrate 7789-12-0 50 0.1908 0.5867 0.0020 0.7117 0.0024 

50 < LD50 ≤300 mg/kg 
Hexachlorophene 70-30-4 61 0.1499 4.195 0.0103 0.0289 0.00007 
Cadmium II chloride 10108-64-2 88  0.4801 0.5177 0.00280 1.797 0.0098 
Sodium oxalate 62-76-0 155 1.160 37.14 0.2772 339.4 2.533 
Sodium fluoride 7681-49-4 180 4.290 78.02 1.858 48.90 1.164 
Diquat dibromide 
monohydrate 6385-62-2 231 0.6714 8.040 0.0222 4.333 0.0120 

300 < LD50 ≤2000 mg/kg 
Amitriptyline HCl 549-18-8 361 1.150 7.054 0.0225 8.959 0.0286 
Propranolol HCl 3506-09-0 470 1.589 14.11 0.0477 36.20 0.1224 
Atropine sulfate 
monohydrate 5908-99-6 639 0.9204 76.03 0.1094 81.83 0.1178 

Acetylsalicylic acid 50-78-2 1000 5.549 676.4 3.754 605.5 3.360 
Carbamazepine 298-46-4 1957 8.282 103.2 0.4367 83.24 0.3523 
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Reference Substance CASRN Rodent Oral LD50
1 3T3 IC50

2 NHK IC50
2 

mg/kg mmole/kg µg/mL mM µg/mL mM 
2000 < LD50 ≤5000 mg/kg 

Acetaminophen 103-90-2 2404 15.90 47.66 0.3152 518.0 3.426 
Potassium chloride 7447-40-7 2602 34.90 3555 47.68 2237 30.01 
Chloramphenicol 56-75-7 3393 10.50 130.2 0.4029 345.0 1.068 
Lactic acid 50-21-5 3730 41.41 3044 33.79 1304 14.48 
Trichloroacetic acid 76-03-9 4999 30.59 901.8 5.519 413.3 2.529 

LD50 >5000 mg/kg 
Ethylene glycol 107-21-1 8567 138.0 24435 393.6 42097 678.1 
Gibberellic acid 77-06-5 6305 18.20 7810 22.55 2856 8.246 
Sodium hypochlorite 7681-52-9 103283 138.73 1040 13.97 1502 20.18 
Dibutyl phthalate 84-74-2 11998 43.11 43.37 0.1558 28.69 0.1031 
Glycerol 56-81-5 12691 137.8 24345 264.4 24730 268.5 

Secondary Subset 
Precipitating Substances4 

LD50 ≤5 mg/kg 
Arsenic trioxide  1327-53-3 20 0.1000 2.072 0.0105 6.840 0.0346 
Parathion 56-38-2 2 0.0069 37.42 0.1285 30.26 0.1039 

Volatile Substances5 
300 < LD50 ≤2000 mg/kg 

Phenol 108-95-2 414 4.400 66.32 0.7047 75.03 0.7972 
LD50 >5000 mg/kg 

Ethanol 64-17-5 14008 304.15 6523 141.6 10018 217.5 
2-Propanol 67-63-0 5843 97.21 3489 58.04 5364 89.24 

Abbreviations: CASRN=Chemical Abstracts Service Registry Number; 3T3=Neutral red uptake assay using BALB/c 3T3 fibroblasts; NHK=Neutral red uptake assay using normal 
human epidermal keratinocytes. 
1The dose that produces lethality in 50% of test animals (rats or mice). Values used in the RC (Halle 1998, 2003) unless otherwise noted. 
2Reference substance concentration (geometric mean of laboratory means) producing 50% inhibition of the endpoint measured (i.e., cell viability). 
3LD50 values were calculated as the geometric mean of values obtained in the literature (see BRD Section 4) (ICCVAM 2006). 
4Reference substances expected to precipitate at cytotoxic concentrations. 
5Reference substances expected to contaminate neighboring wells at high concentrations.  
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3.3 Accuracy and Reliability Standards  
The third element of the performance standards is the determination of accuracy (also known 
as relevance) and reliability values. 

3.3.1 Accuracy and Reliability for the NRU Test Methods 
To demonstrate technical proficiency with the validated 3T3 or NHK NRU test method, 
ICCVAM recommends that the user evaluate his/her ability to calculate IC50 values for a 
minimum of two unclassified substances and two substances from each of the five GHS 
hazard categories (i.e., at least 12 of the 30 reference substances) listed in Table 3-1. The 
resulting IC50 values should be within 2.5 standard deviations of the IC50 values reported in 
the table.27 A linear regression calculated using the LD50 values provided in Table 3-1 and 
the resulting IC50 values should not differ from a linear regression calculated using the LD50 
and the IC50 values provided in Table 3-1. Also, the intralaboratory CV values for the IC50 of 
the reference substances selected should not exceed 129% for the NHK NRU test method or 
98% for the 3T3 NRU test method and the mean CV should not exceed 27% for either test 
method.  

3.3.2 Accuracy and Reliability for Me-Too Assays 
A proposed test method that is functionally and mechanistically similar to the 3T3 NRU test 
method should use the selected reference substances to assess accuracy and reliability. The 
ICCVAM Recommendations (see Section 2.6) propose the general use of the 3T3 NRU test 
method because it appears to be less labor intensive and less expensive to conduct compared 
to the NHK NRU test method. Thus, the accuracy and reliability standards presented below 
focus on the 3T3 NRU test method. 
 
Before using a candidate in vitro basal cytotoxicity test to predict starting doses, the 
correlation between the in vitro and the in vivo test methods must be established 
quantitatively by using the new test method to test 12 of the 30 reference substances. After 
testing, the IC50 data are used to calculate a linear regression formula (least square method) 
for the selected reference substances using the corresponding LD50 values provided in Table 
3-1. The resulting regression is compared against a regression using the 3T3 NRU IC50 and 
the LD50 values provided in this table. If the regressions are not statistically significantly 
different based on a comparison of slope and intercept (at p <0.05), then the test is considered 
suitable to generate IC50 data to use with the recommended regression formula for estimating 
starting doses for acute oral toxicity/lethality tests. 
 
The overall accuracy of the 3T3 NRU test method for correctly predicting GHS acute oral 
toxicity classification of the 30 reference substances using the RC rat-only millimole 
regression was 33%. In vivo toxicity was overpredicted for 33% and underpredicted for 34%. 
Seventy-seven percent of the reference substances were classified in the correct category, or 
within one category above or below the correct category (see Table 3-2). For this analysis, in 
terms of each GHS acute oral toxicity category:  

                                                 
27 Replicate IC50 values must be determined for each reference substance in order to calculate the standard 
deviation. 
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• Zero (0%) of 5 substances with LD50 <5 mg/kg was correctly predicted 
• One (20%) of 5 substances in the 5 < LD50 ≤50 mg/kg category was correctly 

predicted 
• Four (80%) of 5 substances in the 50 < LD50 ≤300 mg/kg category were 

correctly predicted 
• Four (80%) of 5 substances in the 300 < LD50 ≤2000 mg/kg category were 

correctly predicted; however, this toxicity category was also predicted for 11 
other substances that did not match this category in vivo. Thus, the predictivity 
for this category was 27%.  

• Zero (0%) of the 5 substances in the 2000 < LD50 ≤5000 mg/kg category were 
correctly predicted  

• One (20%) of the 5 substances with LD50 >5000 mg/kg were correctly 
predicted. The predictivity for this category was 27%. 

 
The overall accuracy of the 3T3 NRU test method for correctly predicting GHS acute oral 
toxicity classification of the 30 reference substances using the RC rat-only weight regression 
was 30% (see Table 3-3). In vivo toxicity was overpredicted for 33% and underpredicted for 
37%. For this analysis, in terms of each GHS acute oral toxicity category:  

• Zero (0%) of 5 substances with LD50 <5 mg/kg was correctly predicted 
• One (20%) of 5 substances in the 5 < LD50 ≤50 mg/kg category was correctly 

predicted 
• Three (60%) of 5 substances in the 50 < LD50 ≤300 mg/kg category were 

correctly predicted 
• Three (60%) of 5 substances in the 300 < LD50 ≤2000 mg/kg category were 

correctly predicted.  
• Two (40%) of the 5 substances in the 2000 < LD50 ≤5000 mg/kg category 

were correctly predicted.  
• Zero (0%) of the 5 substances with LD50 >5000 mg/kg were correctly 

predicted. 
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Table 3-2  Prediction of GHS Acute Oral Toxicity Category by the 3T3 NRU Test Method Using the Recommended 
Reference Substances and the RC Rat-Only Millimole Regression1 

 

Reference Rodent Oral 
LD50

2 (mg/kg) 
NRU-Predicted GHS Category (mg/kg) 

Total Accuracy 
Toxicity 
Over- 

predicted 

Toxicity 
Under- 

predicted LD50 <5 5 < LD50 ≤50 50 < LD50 ≤300 300 < LD50 ≤2000 2000 < LD50 ≤5000 LD50 >5000 

LD50 <5 0 2 1 2 0 0 5 0% 0% 100% 
5 < LD50 ≤50 0 1 2 1 1 0 5 20% 0% 80% 

50 < LD50 ≤300 0 0 4 1 0 0 5 80% 0% 58% 
300 < LD50 ≤2000 0 0 1 4 0 0 5 80% 20% 0% 

2000 < LD50 ≤5000 0 0 0 5 0 0 5 0% 100% 0% 
LD50 >5000 0 0 0 2 2 1 5 20% 80% 0% 

Total 0 3 8 15 3 1 30 33% 33% 34% 
Predictivity 0% 33% 50% 27% 0% 100%     

Category   
Overpredicted 0% 0% 13% 47% 67% 0%     

Category 
Underpredicted 0% 67% 38% 27% 33% 0%     

Abbreviations: GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3 fibroblasts; NRU=Neutral red uptake; RC=Registry of Cytotoxicity. 
1The RC rat-only millimole regression is log LD50 (mmol/kg) = log IC50 (mM) x 0.439 + 0.621. Numbers in table represent numbers of substances. 
2From Table 3-1. 
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Table 3-3  Prediction of GHS Acute Oral Toxicity Category by the 3T3 NRU Test Method Using the Recommended  
Reference Substances and the RC Rat-Only Weight Regression  

  
Reference Rodent 

Oral LD50
2 (mg/kg) 

NRU- Predicted GHS Category (mg/kg) 
Total Accuracy 

Toxicity 
Over- 

predicted 

Toxicity 
Under- 

predicted LD50 <5 5 < LD50 ≤50 50 < LD50 ≤300 300 < LD50 ≤2000 2000 < LD50 ≤5000 LD50 >5000 

LD50 <5 0 0 3 2 0 0 5 0% 0% 100% 
5 < LD50 ≤50 0 1 1 3 0 0 5 20% 0% 80% 

50 < LD50 ≤300 0 0 3 2 0 0 5 80% 0% 58% 
300 < LD50 ≤2000 0 0 2 3 0 0 5 80% 20% 0% 

2000 < LD50 ≤5000 0 0 0 3 2 0 5 0% 100% 0% 
LD50 >5000 0 0 0 2 3 0 5 20% 80% 0% 

Total 0 1 9 15 5 0 30 30% 33% 37% 
Predictivity 0% 100% 33% 20% 40% 0%     

Category 
Overpredicted 0% 0% 22% 33% 60% 0%     

Category 
Underpredicted 0% 0% 44% 47% 0% 0%     

Abbreviations: GHS=Globally Harmonized System of Classification and Labelling of Chemicals (UN 2005); 3T3=BALB/c 3T3 fibroblasts; NRU=Neutral red uptake; RC=Registry of Cytotoxicity.  
1The RC rat-only weight regression is log LD50 (mgkg) = log IC50 (ug/mL) x 0.372 + 2.024. Numbers in table represent numbers of substances.  
2From Table 3-1.  
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